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International Joint Commission
Canada and United States
Gentlemen:
The
International
Great
Lakes
Science
Advisory
Board,
in
partial
fulfillment
of
its
responsibility
under
the
Water
Quality
Agreement
of
1978,
is
submitting
the
following
Annual
Report
on
the
activities
of
the
Board
and
its
working
committees
and
task
forces.
Respectfully submitted,
39.9w
Dr.
Donald
I.
Mount
Dr.
G.
Keith
Rodgers
Chairman
Chairman
United
States
Section
Canadian
Section
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By
example
of
previous
cultural
development
and
its
subsequent
effects
on
the
biota
and
water
quality
of
the
Great
Lakes
Basin,
the
Science
Advisory
Board
re-iterates
the
significance
of
understanding
and
considering
the
diverse
interactions
which
occur
within
the
chemical,
physical,
biological
and
societal
components
within
the
Great
Lakes
Basin
Ecosystem.
The
Board
addresses
four
current
and
urgent
Great
Lakes
issues
in
terms
of
an
ecosystem
approach
to
illustrate
to
the
Commission
and
the
Parties
the
advantages
of
such
an
approach
and
to
assess
the
gaps
in
knowledge.
The
four
issues
addressed by the Board are as follows:
LONG
RANGE
TRANSPORT
OF
ATMOSPHERIC
POLLUTANTS
Acid
precipitation
is
discussed
to
illustrate
the
broad
implications
of
long
range
transport
of
atmospheric
pollutants
in
the
Great
Lakes
Basin
Ecosystem.
Topics
reviewed
by
the
Board
pertinent
to
acid
precipitation
include:
ecological
effects;
human
health;
import
and
export
to
and
from
the
Basin;
energy
consumption;
ameliorative
and
corrective
measures;
air
pollution
control
technology;
regulatory
options;
and,
information
needs.
The
Board
concluded
that
the
pH
in
the
open
waters
of
the
Great
Lakes
themselves
is
not
expected
to
be
lowered
significantly.
The
Great
Lakes
are
large
in
volume
and
relatively
well
buffered.
However,
the
Board
is
concerned
that
acid
precipitation
may
indirectly
result
in
"transboundary
injury
to
health
or
property";
injuries
which
are
known
to
occur
or
which
could
be
expected
to
occur
through
the
interacting
elements
of
the
hydrosphere,
atmosphere,
lithosphere,
and
biota
of
the
Great
Lakes
Basin
Ecosystem
as
defined
in
the
1978
Great
Lakes
Water
Quality
Agreement.
The
Great
Lakes
Basin
is
being
impacted
by
air
emissions
from
sources
outside
the
Basin
and
emissions
within
the
Basin
are
being
exported
to
ecosystems
outside
the
Basin.
Legislative
and
socio-economic
concerns
will
have
to
be
broadened.
The
Board
endorses
a
proposed
research
program
now
before
the
U.S.
Council
on
Environmental
Quality
which
will
address
current
information
needs
on
acid
precipitation.
As
a
result
of
its
concerns,
the
Board
recommends
that
the
Parties
be
encouraged
to
formulate
a
reference
on
long
range
transport
of
airborne
pollutants
with
special
attention
to
acid
rain.
Also,
the
Board
recommends
that
the
Commission
immediately
implement,
under
Article
VII(6)
of
the
Great
Lakes
Water
Quality
Agreement,
liaison
among
institutions
established
under
the
1909
Boundary
Waters
Treaty,
appropriate
U.S.
and
Canadian
agencies
and
international
organizations
to
ascertain
and
ensure
that
all
facets
and
concerns
outlined
in
the
Board
report
are
being
adequately
considered.
Particular
emphasis
should
be
placed
on
the
long
range
transport
of
acid
rain.
 
  
   
 
TOXIC SUBSTANCE CONTROL
The computer data base developed on behalf of the Board is now
oper
atio
nal.
It
has
been
desi
gned
to
aid
in f
orec
asti
ng
thos
e c
hemi
cals
manu
fact
ured
or u
sed
in t
he B
asin
with
pote
ntia
l t
o pe
rsis
t an
d bi
oacc
umul
ate
with the Ecosystem. The Board notes that many other multi—national and
multi-agency efforts are underway to evaluate the effects of chemical
substances in the Ecosystem. As a result the Board recommends that future
hazard assessment efforts in the Great Lakes Basin be carried out in the
context of the identified multi-agency and multi-national efforts which are
described in the report.
A review of Canadian and United States research programs implies a
significant concern by governments, industry and unversities on the potential
effects of man-made chemicals in the environment. The Board stresses the need
for continued high priority for such investigations and for current
development of legislative and regulatory actions, until there is a better
understanding of the effects of contaminants on the health of the ecosystem,
including man. The Board emphasized these points for two reasons: firstly,
the Board feels that the dispersal and the subsequent potential effects of
toxic substances in the Great Lakes should remain the highest priority issue
for the management of the Great Lakes. Secondly, the Board's concern that the
recent economic conditions in both U.S. and Canada may result in political
pressures to ease concerns, legislation and regulations with regard to the
discharge of potential contaminants.
The Board reviewed the Annexes 10 and 12 of the 1978 Great Lakes Water
Quality Agreement which pertain to the control of chemical contaminants. To
address both Annexes, an approach is recommended which requires the concerted
efforts of both the Science Advisory Board and the Water Quality Board. The
Science Advisory Board requests the International Joint Commission to obtain
from the parties an immediate commitment to review the Board's recommended
approach for consideration of adopting the procedure to implement those
portions of the Agreement.
In addition to developing objectives for specific contaminants, a
committee of the Board is developing a framework to develop holistic aquatic
ecosystem objectives. The approach would, for example, attempt to develop a
means of determining effects of various stresses on the biotic community
through observation of the changes in community structure and behavior. Such
an approach has been undertaken by several international organizations, and
offers the potential of detecting the effects of cultural, socio-economic and
technological changes on the Great Lakes.
SOCIO-ECONOMIC FUTURES
The concerns of the 1972 and 1978 Great Lakes Water Quality Agreements
have primarily addressed chemical stresses on the Great Lakes Ecosystem.
Additional stresses are possible from other human activities. A workshop was
sponsored by one of the Board's committees to identify problems which may
emerge within the Basin as a result of future trends in, for example, urban
growth, energy and transportation. The findings of the workshop are expected
to be available in the fall of 1979.
Environmental
mapping
can
improve
the
understanding
of
the
Great
Lakes
ecosyStem
and
subsequently
aid
in
planning
and
management
decisions.
A
task
force
of
the
Board
outlined
several
approaches
which
could
be
taken
to
initiate
an
environmental
mapping
activity.
However,
strong
differences
in
opinion
on
several
aspects
of
mapping
still
remain.
The
Board
is
aware
that
several
Great
Lakes
institutions
are
interested
in
mapping,
and
as
a
result,
requests
that
those
institutions
be
identified
and
subsequently
implement
a
coordinated
environmental
mapping
effort.
GREAT LAKES EUTROPHICATION
The
Board
reviews
the
several
and
diverse
activities
of
its
task
forces
and
committees
which
are
addressing
the
issue
of
Great
Lakes
eutrophication.
The
activities
address:
phosphorus
management
strategies;
health
effects
of
non-NTA
detergent
builders;
ecological
effects
of
non-phosphate
detergent
builders;
sludge
disposal
research;
bioavailability
of
phosphorus;
and,
operation
and
maintenance
of
municipal
wastewater
treatment
plants.
The
Science
Advisory
Board
also
comments
briefly
on
land
application
of
municipal
wastewaters.
-vii-

EEGWMEMAWUWS
The Great Lakes Science Advisory Board recommends that the International
Joint Comnission:
1. Immediately implement, as specified in Article VII(6) of the 1978
Great Lakes Water Quality Agreement, liaison among institutions
established under the 1909 Boundary Waters Treaty, appropriate U.S.
and Canadian agencies, and international organizations which address
concerns relevant to the Great Lakes Basin Ecosystem to ascertain and
ensure that all facets and concerns of the Great Lakes Basin
Ecosystem, as outlined in this report, are adequately considered.
Particular emphasis on the problems associated with long range
transport of airborne pollutants should be given high priority.
2.
Encourage the Parties to formulate a reference within the context of,
an ecosystem approach on the causes, effects and measures for the
control of long range transport of airborne pollutants with special
attention to acid rain. Such action will serve to accelerate efforts
to develop necessary information for rapid action.
3. Request that agencies responsible for assessment of living resources,
such as fish stocks, dedicate and/or expand a portion of their
current management programs which would coordinatewith air quality
and water quality surveys enabling improved assessment and
understanding of the overall quality of the Great Lakes Basin
Ecosystem.
4. Urge continued high priority for research and legislative/regulatory
action
regarding
the
dispersal
of man-made
chemicals
in
the
environment.
5.
Urge that efforts for hazard assessment of man-made chemicals in the
Great Lakes Basin,
be carried out
in the context of ongoing
multi-agency and multi-national efforts as identified in the Board's
report.
6.
Obtain from the Parties an immediate commitment to review the Science
Advisory Board's recommended procedure for addressing Annexes 10 and
12 of the 1978 Great Lakes Water Quality Agreement.
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ra
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il
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d
gr
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te
r
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ri
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ri
cu
lt
ur
al
op
po
rt
un
it
ie
s,
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at
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ll
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t
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d
an
ti
ci
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te
d
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us
e
pa
tt
er
ns
in
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ef
fo
rt
to
en
su
re
co
ns
id
er
at
io
n
of
th
e
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e
of
th
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ﬂINTRODUCTION
The
joint
efforts
designated
under
the
1972
and
1978
Great
Lakes
Water
Quality
Agreements
e
s
s
e
n
t
i
a
l
l
y
address
the
presence,
consequences
and
control
of
chemicals
found
in
the
Great
Lakes.
Steadily,
the
list
of
chemicals
of
concern
has
grown
from
fertilizers,
insecticides
and
herbicides
which
enter
the
aquatic
environment
to
wastes
containing
chemicals
resulting
from
products
manufactured,
transported
or
used
by
modern
society.
In
this
era
of
rapid
change,
there
is
a
need
for
systematic
identification,
analysis
and
evaluation
of
the
effects
of
man's
activities
on
the
Great
Lakes
Ecosystem.
If
we
can
anticipate
the
consequences,
both
beneficial
and
detrimental,
resulting
from:
new
technologies;
changes
in
utilization
of
existing
technologies;
and,
changing
demographic,
socio-economic
and
cultural
characteristics,
then
society
can
make
conscious
decisions
to
influence
the
ultimate
outcome
of
these
changes.
As
a
result,
the
Science
A
d
vi
s
o
r
y
Board
has
advocated
an
ecosystem
approach
which
can:
(a)
anticipate
future
problems
which
may
occur
as
a
result
of
man's
activities;
(b)
define
management
options;
and
(c)
expand
beyond
the
realm
of
"chemicals
and
the
Great
Lakes"
to
forestall
problems
associated
with,
for
example,
demographic
and
cultural
changes.
Using
this
approach
the
Board
may
be
in
a
better
position
to
assess
the
relevant
state
of
knowledge
with
regard
to
f
u
t
u
r
e
p
r
o
b
l
e
m
s
and
s
u
b
s
e
q
u
e
n
t
l
y
d
e
f
i
n
e
i
n
f
o
r
m
a
t
i
o
n
g
a
p
s
w
h
i
c
h
m
u
s
t
be
addressed
to
aid
in
the
definition
of
management
options.
This
approach
is
consistent
with
the
Board's
previously
expressed
conviction
that:
"Planning
and
management
of
such
a
priceless
resource
as
the
Great
Lakes
requires
more
than
a
knowledge
of
the
chemical
and
physical
water
quality;
it
requires
an
understanding
of
the
total
ecosystem
and
the
diverse
interactions
which
occur
within
its
chemical,
physical,
biological
and
societal components."
C
U
L
T
U
R
A
L
D
E
V
E
L
O
P
M
E
N
T
R
E
L
E
V
A
N
T
T
O
T
H
E
G
R
E
A
T
L
A
K
E
S
Many
factors
have
contributed
to
the
changes
which
have
occurred
in
the
Great
Lakes
Basin
subsequent
to
its
early
pristine
condition.
New
species
have
entered
the
Basin;
tributaries
have
been
modified;
and
marshes
were
drained;
and
lumbering
practices
and
clearing
for
agriculture
have
deforested
vast
areas
of
the
watershed.
The
Board
neither
condemns
nor
cendones
these
past
changes.
To
support
a
growing
society
and
its
technology,
forested
areas
had
to
be
removed
for
crops,
dwellings
and
industry.
However,
these
practices
set
in
motion
a
series
of
events
which
were
not
necessarily
planned
and
not
all
of
which
were
desireable.
Options
for
society
today
are,
in
part,
constrained
by
those
past
decisions.
The
Board
emphasizes
that
future
management
decisions
should
be
made
with
recognition
of
the
interrelationship
o
f
t
h
e
m
a
n
y
e
c
o
s
y
s
t
e
m
c
o
m
p
o
n
e
n
t
s
o
r
e
v
e
n
t
s
.
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it
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ri
es
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di
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ie
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it
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n
be
tw
ee
n
16
10
to
17
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de
sc
ri
be
d
ve
ge
ta
ti
on
an
d
wi
ld
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fe
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Ba
si
n
wh
ic
h
wa
s
re
pr
es
en
ta
ti
ve
of
ma
tu
re
cl
im
ax
co
mm
un
it
ie
s.
Co
ni
fe
rs
an
d
ha
rd
wo
od
s
we
re
th
e
do
mi
na
nt
fo
re
st
fl
or
a.
We
t
an
d
dr
y
ar
ea
s
of
th
e
Ba
si
n
co
nt
ai
ne
d
sa
va
nn
a
gr
as
sl
an
ds
,
sh
ru
bs
,
du
ne
an
d
se
dg
e
co
mm
un
it
ie
s.
Pa
ss
en
ge
r
pi
ge
on
s
an
d
el
k
we
re
fo
un
d
th
ro
ug
ho
ut
th
e
fo
re
st
co
mm
un
it
ie
s.
Ex
te
ns
iv
e
ar
ea
s
of
sw
am
ps
an
d
ma
rs
he
s
pr
ov
id
ed
sh
el
te
r
an
d
br
ee
di
ng
si
te
s
fo
r
an
ar
ra
y
of
bi
rd
an
d
fi
sh
sp
ec
ie
s.
Th
e
Eu
ro
pe
an
se
tt
le
rs
wa
nt
ed
di
ff
er
en
t
ha
bi
ta
ts
to
pr
ov
id
e
fo
r
th
ei
r
wi
sh
es
an
d
in
th
at
pu
rs
ui
t
ch
an
ge
d
th
e
Gr
ea
t
La
ke
s
an
d
it
s
dr
ai
na
ge
ba
si
n
as
we
ll
.
Th
e
de
ns
e
fo
re
st
co
ve
r
wh
ic
h
st
ab
li
ze
d
th
e
wa
te
rs
he
d
by
re
st
ri
ct
in
g
wa
te
r
ru
no
ff
,
so
il
er
os
io
n
an
d
si
lt
at
io
n,
wa
s
ei
th
er
ha
rv
es
te
d
or
bu
rn
ed
.
Wi
th
th
e
lo
ss
of
fo
re
st
sh
ad
e,
st
re
am
s
wh
ic
h
on
ce
de
li
ve
re
d
co
nt
in
uo
us
,
st
ab
le
fl
ow
of
co
ol
wa
te
r
to
th
e
la
ke
s
ye
ar
ro
un
d
,w
er
e
su
bj
ec
t
to
in
cr
ea
se
d
se
as
on
al
an
d
di
ur
na
l
fl
uc
tu
at
io
ns
.
Wi
nt
er
ac
cu
mu
la
ti
on
s
of
sn
ow
no
lo
ng
er
pe
rs
is
te
d
in
to
th
e
la
te
sp
ri
ng
.
Ru
no
ff
pa
tt
er
ns
ch
an
ge
d.
St
re
am
s
we
re
mo
di
fi
ed
as
a
re
su
lt
of
th
ei
r
us
e
fo
r
tr
an
sp
or
ta
ti
on
.
Th
e
ra
te
of
er
os
io
n
an
d
as
so
ci
at
ed
co
nt
ri
bu
ti
on
s
of
nu
tr
ie
nt
s
in
cr
ea
se
d
an
d
su
bs
eq
ue
nt
ly
im
pa
ct
ed
th
e
wa
te
rs
of
the Great Lakes.
Ne
w
pl
an
t
an
d
an
im
al
co
mm
un
it
ie
s
ap
pe
ar
ed
on
th
e
de
fo
re
st
ed
la
nd
.
On
e
of
th
e
pl
an
t
sp
ec
ie
s
of
a
ne
w
co
mm
un
it
y
is
ra
gw
ee
d.
It
s
ab
un
da
nc
e
ha
s
ce
rt
ai
nl
y
be
en
fe
lt
by
ma
n
in
th
e
fo
rm
of
"h
ay
fe
ve
r.
"
Bi
rd
po
pu
la
ti
on
s
un
de
rw
en
t
sh
if
ts
in
sp
ec
ie
s
do
mi
na
nc
e
fr
om
th
os
e
re
pr
es
en
ta
ti
ve
of
wo
od
la
nd
s
to
th
os
e
of
op
en
gr
as
sl
an
d
co
mm
un
it
ie
s.
Th
e
ea
st
er
n
me
ad
ow
la
rk
ex
pa
nd
ed
it
s
ra
ng
e
in
to
th
e
ne
wl
y
op
en
ed
fi
el
ds
of
th
e
Ba
si
n.
Al
th
ou
gh
wa
st
ef
ul
ex
pl
oi
ta
ti
on
is
ci
te
d
as
th
e
pr
in
ci
pa
l
fa
ct
or
in
th
e
ex
ti
nc
ti
on
of
th
e
pa
ss
en
ge
r
pi
ge
on
,
de
fo
re
st
at
io
n
al
so
wa
s
a
co
nt
ri
bu
ti
ng
fa
ct
or
.
Th
e
ma
tu
re
st
an
ds
of
tr
ee
s
ne
ce
ss
ar
y
fo
r
fe
ed
in
g
an
d
ne
st
in
g
ha
d
be
en
re
mo
ve
d.
As
we
ll
as
al
te
ri
ng
te
rr
es
te
ri
al
ec
ol
og
y,
de
fo
re
st
at
io
n
al
so
al
te
re
d
aq
ua
ti
c
co
mm
un
it
ie
s.
At
la
nt
ic
sa
lm
on
wa
s
on
ce
an
ab
un
da
nt
co
mm
er
ci
al
ly
im
po
rt
an
t
sp
ec
ie
s
in
La
ke
On
ta
ri
o.
It
de
cl
in
ed
in
ab
un
da
nc
e
by
ab
ou
t
18
50
.
Ex
pl
oi
ta
ti
on
pr
ob
ab
ly
pl
ay
ed
a
ro
le
in
th
is
de
cl
in
e.
Pe
rh
ap
s
of
eq
ua
l
or
gr
ea
te
r
im
po
rt
an
ce
in
th
e
de
cl
in
e
of
th
e
At
la
nt
ic
sa
lm
on
wa
s
th
e
ri
se
in
st
re
am
te
mp
er
at
ur
es
an
d
si
lt
at
io
n
wh
ic
h
re
su
lt
ed
fr
om
la
ck
of
fo
re
st
sh
ad
in
g,
co
ve
r
an
d
da
mm
in
g
of
st
re
am
s.
Th
es
e
st
re
am
s
se
rv
ed
as
sp
aw
ni
ng
an
d
nu
rs
er
y
ar
ea
s
fo
r
th
e
fi
sh
.
Pr
og
ra
ms
to
re
in
tr
od
uc
e
At
la
nt
ic
sa
lm
on
ha
ve
be
en
at
te
mp
te
d
ov
er
th
e
ye
ar
s
bu
t
al
l
ha
ve
fa
il
ed
.
Be
ca
us
e
hi
st
or
ic
al
ch
an
ge
s
ar
e
im
co
mp
le
te
ly
un
de
rs
to
od
an
d
do
cu
me
nt
at
io
n
la
ck
in
g,
va
ri
ou
s
sc
en
ar
io
s
ha
ve
be
en
pr
op
os
ed
to
de
sc
ri
be
ot
he
r
ch
an
ge
s
wh
ic
h
ha
ve
oc
cu
rr
ed
wi
th
in
th
e
aq
ua
ti
c
co
mm
un
it
ie
s
as
a
re
su
lt
of
de
fo
re
st
at
io
n.
Fo
r
ex
am
pl
e,
th
e
in
cr
ea
se
d
wa
te
r
te
mp
er
at
ur
es
of
th
e
Gr
ea
t
La
ke
s
tr
ib
ut
ar
ie
s
ar
e
co
ns
id
er
ed
by
so
me
in
ve
st
ig
at
or
s
to
ha
ve
cr
ea
te
d
fa
vo
ra
bl
e
co
nd
it
io
ns
fo
r
th
e
in
va
si
on
an
d
re
pr
od
uc
ti
on
of
th
e
pa
ra
si
ti
c
se
a
la
mp
re
y.
Fe
ed
in
g
on
la
rg
er
fi
sh
,
su
ch
as
th
e
la
ke
tr
ou
t,
th
e
se
a
la
mp
re
y
re
du
ce
d
th
e
ab
un
da
nc
e
of
th
es
e
la
rg
e
pr
ed
at
or
y
sp
ec
ie
s
up
se
tt
in
g
th
e
ba
la
nc
e
in
th
e
en
ti
re
fo
od
ch
ai
n.
Cl
ea
rl
y,
th
e
lo
ss
of
fo
re
st
co
ve
r
cr
ea
te
d
a
ri
pp
li
ng
ef
fe
ct
wh
ic
h
wa
s
fe
lt
bo
th
di
re
ct
ly
an
d
in
di
re
ct
ly
th
ro
ug
ho
ut
th
e
en
ti
re
Gr
ea
t
La
ke
s
Ba
si
n
—
ef
fe
ct
s
wh
ic
h
ex
em
pl
if
y
th
e
in
te
rr
el
at
io
ns
hi
p
of
ai
r,
la
nd
,
wa
te
r
an
d
li
vi
ng
organisms, including man.
Ou
r
Ec
os
ys
te
m
is
th
e
pr
od
uc
t
of
it
s
hi
st
or
y.
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 F
I
S
H
R
E
S
O
U
R
C
E
S
A
S
I
N
D
I
C
A
T
O
R
S
@
O
F
E
C
O
S
Y
S
T
E
M
Q
U
A
L
I
T
Y
T
h
e
e
f
f
o
r
t
s
t
o
c
l
e
a
n
u
p
t
h
e
G
r
e
a
t
L
a
k
e
s
h
a
v
e
b
e
e
n
s
i
z
e
a
b
l
e
a
n
d
c
o
s
t
l
y
.
M
o
s
t
c
i
t
i
z
e
n
s
p
e
r
c
e
i
v
e
t
h
e
e
f
f
e
c
t
i
v
e
n
e
s
s
o
f
t
h
e
s
e
e
f
f
o
r
t
s
i
n
t
e
r
m
s
o
f
t
a
n
g
i
b
l
e
b
e
n
e
f
i
t
s
s
u
c
h
a
s
p
r
o
g
r
e
s
s
i
n
r
e
s
t
o
r
i
n
g
t
h
e
l
a
k
e
s
'
v
a
l
u
a
b
l
e
f
i
s
h
e
r
y
r
e
s
o
u
r
c
e
s
.
I
n
p
o
i
n
t
i
n
g
t
o
i
n
d
i
c
a
t
o
r
s
o
f
n
e
w
v
i
t
a
l
i
t
y
i
n
t
h
e
l
a
k
e
s
,
t
h
e
B
o
a
r
d
d
o
e
s
n
o
t
i
m
p
l
y
t
h
a
t
a
p
p
a
r
e
n
t
l
y
h
e
a
l
t
h
i
e
r
f
i
s
h
c
o
m
m
u
n
i
t
i
e
s
a
r
e
n
e
c
e
s
s
a
r
i
l
y
t
h
e
s
o
l
e
,
d
i
r
e
c
t
,
o
r
u
n
e
q
u
i
v
o
c
a
l
r
e
s
u
l
t
o
f
i
m
p
r
o
v
e
d
w
a
t
e
r
q
u
a
l
i
t
y
a
n
d
a
g
e
n
e
r
a
l
l
y
c
l
e
a
n
e
r
e
n
v
i
r
o
n
m
e
n
t
.
A
n
a
l
y
t
i
c
a
l
a
n
d
a
s
s
e
s
s
m
e
n
t
c
a
p
a
b
i
l
i
t
i
e
s
h
a
v
e
n
o
t
y
e
t
a
d
v
a
n
c
e
d
t
o
t
h
e
p
o
i
n
t
w
h
e
r
e
t
h
e
r
e
l
a
t
i
v
e
c
o
n
t
r
i
b
u
t
i
o
n
o
f
p
o
l
l
u
t
i
o
n
a
b
a
t
e
m
e
n
t
t
o
t
h
e
r
e
c
o
v
e
r
y
a
n
d
i
m
p
r
o
v
e
m
e
n
t
o
f
G
r
e
a
t
L
a
k
e
s
f
i
s
h
e
r
y
r
e
s
o
u
r
c
e
s
c
a
n
b
e
q
u
a
n
t
i
t
a
t
i
v
e
l
y
(
a
n
d
r
e
l
i
a
b
l
y
)
d
i
s
c
r
i
m
i
n
a
t
e
d
.
O
t
h
e
r
m
a
n
a
g
e
m
e
n
t
t
a
c
t
i
c
s
w
h
i
c
h
m
a
y
h
a
v
e
c
o
n
t
r
i
b
u
t
e
d
t
o
s
u
c
h
s
i
g
n
s
a
n
d
p
r
o
g
r
e
s
s
i
n
c
l
u
d
e
:
t
i
g
h
t
e
r
r
e
g
u
l
a
t
i
o
n
o
f
f
i
s
h
e
r
i
e
s
;
c
o
n
t
r
o
l
o
f
s
e
a
l
a
m
p
r
e
y
;
a
r
t
i
f
i
c
i
a
l
r
e
p
l
e
n
i
s
h
m
e
n
t
o
f
f
i
s
h
s
t
o
c
k
s
;
m
a
n
d
a
t
e
d
r
e
d
u
c
t
i
o
n
o
f
f
i
s
h
l
o
s
s
e
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
l
a
r
g
e
-
v
o
l
u
m
e
w
i
t
h
d
r
a
w
a
l
o
f
w
a
t
e
r
;
a
n
d
,
i
n
c
r
e
a
s
i
n
g
l
y
c
l
o
s
e
r
e
v
a
l
u
a
t
i
o
n
a
n
d
m
o
d
i
f
i
c
a
t
i
o
n
o
f
c
o
n
s
t
r
u
c
t
i
o
n
permits.
D
e
s
p
i
t
e
u
n
c
e
r
t
a
i
n
t
y
a
b
o
u
t
w
h
i
c
h
m
a
n
a
g
e
m
e
n
t
t
a
c
t
i
c
s
a
r
e
a
c
c
o
m
p
l
i
s
h
i
n
g
t
h
e
j
o
b
,
f
i
s
h
p
o
p
u
l
a
t
i
o
n
s
a
r
e
n
o
n
e
t
h
e
l
e
s
s
d
e
m
o
n
s
t
r
a
t
i
n
g
a
n
i
m
p
r
o
v
e
d
s
t
a
t
u
s
o
v
e
r
t
h
a
t
w
h
i
c
h
p
r
e
v
a
i
l
e
d
a
d
e
c
a
d
e
a
g
o
.
A
s
e
x
a
m
p
l
e
s
,
t
h
e
B
o
a
r
d
d
e
e
m
s
w
o
r
t
h
y
o
f
.
n
o
t
e
t
h
e
f
o
l
l
o
w
i
n
g
r
e
c
e
n
t
c
h
a
n
g
e
s
i
n
f
i
s
h
r
e
s
o
u
r
c
e
s
a
n
d
r
e
l
a
t
e
d
f
i
s
h
e
r
i
e
s
:
0
L
a
k
e
w
h
i
t
e
f
i
s
h
s
t
o
c
k
s
i
n
n
o
r
t
h
e
r
n
L
a
k
e
M
i
c
h
i
g
a
n
,
G
r
e
e
n
B
a
y
,
a
n
d
t
h
e
b
o
u
n
d
a
r
y
w
a
t
e
r
s
o
f
l
a
k
e
s
S
u
p
e
r
i
o
r
a
n
d
H
u
r
o
n
c
o
n
t
i
n
u
e
t
o
p
r
o
s
p
e
r
.
A
n
n
u
a
l
c
o
m
n
e
r
c
i
a
l
l
a
n
d
i
n
g
s
o
f
t
h
i
s
i
m
p
o
r
t
a
n
t
r
e
s
o
u
r
c
e
n
o
w
a
v
e
r
a
g
e
m
o
r
e
t
h
a
n
t
w
i
c
e
t
h
e
v
o
l
u
m
e
o
f
t
h
e
l
a
t
e
1
9
6
0
'
s
.
0
W
a
l
l
e
y
e
i
n
t
h
e
w
e
s
t
e
r
n
b
a
s
i
n
o
f
L
a
k
e
E
r
i
e
h
a
v
e
r
e
b
o
u
n
d
e
d
d
r
a
m
a
t
i
c
a
l
l
y
f
r
o
m
t
h
e
i
r
i
m
p
o
v
e
r
i
s
h
e
d
s
t
a
t
e
o
f
l
e
s
s
t
h
a
n
1
0
y
e
a
r
s
a
g
o
.
T
h
e
w
a
l
l
e
y
e
f
i
s
h
e
r
y
f
o
r
w
h
i
c
h
w
e
s
t
e
r
n
L
a
k
e
E
r
i
e
h
a
s
l
o
n
g
b
e
e
n
f
a
m
o
u
s
i
s
n
o
w
t
h
e
f
o
c
u
s
o
f
e
x
p
e
r
i
m
e
n
t
a
l
i
n
t
e
r
g
o
v
e
r
n
m
e
n
t
a
l
m
a
n
a
g
e
m
e
n
t
.
T
h
i
s
f
i
s
h
e
r
y
i
s
b
e
l
i
e
v
e
d
t
o
b
e
a
t
o
r
n
e
a
r
t
h
e
B
a
s
i
n
'
s
c
a
r
r
y
i
n
g
c
a
p
a
c
i
t
y
.
0
L
a
k
e
t
r
o
u
t
i
n
t
h
e
u
p
p
e
r
G
r
e
a
t
L
a
k
e
s
,
w
i
t
h
s
o
m
e
e
x
c
e
p
t
i
o
n
s
l
o
c
a
l
l
y
,
a
r
e
p
e
r
f
o
r
m
i
n
g
t
o
d
a
y
t
o
a
d
e
g
r
e
e
c
o
m
p
l
e
t
e
l
y
u
n
f
o
r
e
s
e
e
n
a
d
o
z
e
n
o
r
s
o
y
e
a
r
s
a
g
o
.
A
s
a
r
e
s
u
l
t
o
f
t
h
e
m
o
n
u
m
e
n
t
a
l
r
e
s
t
o
r
a
t
i
o
n
e
f
f
o
r
t
w
h
i
c
h
h
a
s
a
p
p
l
i
e
d
s
e
a
l
a
m
p
r
e
y
c
o
n
t
r
o
l
a
n
d
a
r
t
i
f
i
c
i
a
l
r
e
p
l
e
n
i
s
h
m
e
n
t
o
f
f
i
s
h
s
t
o
c
k
s
,
t
h
e
n
u
m
b
e
r
s
o
f
l
a
k
e
t
r
o
u
t
i
n
L
a
k
e
M
i
c
h
i
g
a
n
a
n
d
i
n
t
h
e
b
o
u
n
d
a
r
y
w
a
t
e
r
s
o
f
L
a
k
e
s
S
u
p
e
r
i
o
r
a
n
d
H
u
r
o
n
,
a
r
e
a
s
g
r
e
a
t
(
o
r
n
e
a
r
l
y
s
o
)
a
s
t
h
e
y
w
e
r
e
d
u
r
i
n
g
t
h
e
2
0
y
e
a
r
s
o
f
i
n
t
e
n
s
i
v
e
c
o
m
m
e
r
c
i
a
l
f
i
s
h
i
n
g
p
r
e
c
e
d
i
n
g
W
o
r
l
d
W
a
r
I
I
.
R
e
-
e
s
t
a
b
l
i
s
h
m
e
n
t
o
f
n
a
t
u
r
a
l
l
y
r
e
p
r
o
d
u
c
i
n
g
p
o
p
u
l
a
t
i
o
n
s
,
h
o
w
e
v
e
r
,
c
o
n
t
i
n
u
e
s
t
o
b
e
a
m
a
j
o
r
c
h
a
l
l
e
n
g
e
.
0
B
l
o
a
t
e
r
s
“
C
h
u
b
s
”
,
t
h
e
p
r
o
d
u
c
t
i
v
i
t
y
o
f
w
h
i
c
h
h
a
s
b
e
e
n
l
o
n
g
d
e
p
r
e
s
s
e
d
b
y
f
i
s
h
i
n
g
a
n
d
p
o
s
s
i
b
l
y
b
y
c
h
a
n
g
e
s
i
n
t
h
e
i
r
e
n
v
i
r
o
n
m
e
n
t
,
a
p
p
e
a
r
t
o
b
e
m
a
k
i
n
g
a
g
o
o
d
c
o
m
e
b
a
c
k
i
n
L
a
k
e
M
i
c
h
i
g
a
n
,
a
s
e
v
i
d
e
n
c
e
d
b
y
t
h
e
p
r
o
d
u
c
t
i
o
n
o
f
r
e
l
a
t
i
v
e
l
y
l
a
r
g
e
r
y
e
a
r
c
l
a
s
s
e
s
i
n
t
h
e
l
a
s
t
f
e
w
y
e
a
r
s
.
  
    
   
 
Pa
ci
fi
c
sa
lm
on
,
es
pe
ci
al
ly
th
e
ch
in
oo
k
an
d
co
ho
,
co
nt
in
ue
to
pr
ov
id
e
an
ex
ce
ll
en
t
re
cr
ea
ti
on
al
fi
sh
er
y
in
La
ke
Mi
ch
ig
an
,
an
d
le
ss
er
on
es
in
La
ke
s
Su
pe
ri
or
,
Hu
ro
n,
On
ta
ri
o,
an
d
ev
en
Er
ie
.
Th
e
fa
vo
ra
bl
e
im
pa
ct
of
th
es
e
in
tr
od
uc
ed
sp
ec
ie
s
on
th
e
an
gl
in
g
fr
at
er
ni
ty
an
d
re
gi
on
al
ec
on
om
y
is
we
ll
kn
ow
n
to
an
yo
ne
co
nv
er
sa
nt
wi
th
th
e
Gr
ea
t
Lakes.
0
Br
ow
n
an
d
ra
in
bo
w
(s
te
el
he
ad
)
tr
ou
t,
al
so
se
em
to
be
on
th
e
in
cr
ea
se
in
ne
ar
sh
or
e
ar
ea
s
th
ro
ug
ho
ut
th
e
Up
pe
r
Gr
ea
t
La
ke
s
an
d
in
La
ke
On
ta
ri
o.
Th
ey
,
to
o,
ar
e
ma
ki
ng
ev
er
-g
re
at
er
co
nt
ri
bu
ti
on
s
to
sp
or
t
fi
sh
in
g
at
nu
me
ro
us
lo
ca
ti
on
s
on
bo
th
si
de
s
of
th
e
in
te
rn
at
io
na
l
boundary.
0
Al
ew
iv
es
,
gi
zz
ar
d
sh
ad
,
an
d
sm
el
t,
re
pr
es
en
t
he
al
th
y
po
pu
la
ti
on
s
of
pr
ey
(o
r
fo
ra
ge
)
no
w
be
in
g
ke
pt
in
im
pr
ov
ed
ba
la
nc
e:
by
la
rg
e
an
d
gr
ow
in
g
st
oc
ks
of
pr
ed
at
or
sp
ec
ie
s;
by
co
mm
er
ci
al
fi
sh
in
g
su
ch
as
th
at
fo
r
sm
el
t
in
La
ke
Er
ie
an
d
al
ew
if
e
in
La
ke
Mi
ch
ig
an
;
an
d,
by
na
tu
ra
l
ca
us
es
as
so
ci
at
ed
wi
th
,
fo
r
ex
am
pl
e,
th
e
se
ve
re
an
d
protracted winters of recent years.
Wh
il
e
th
e
Bo
ar
d
is
co
nf
id
en
t
of
th
e
su
cc
es
s
th
es
e
ex
am
pl
es
re
pr
es
en
t,
we
wo
ul
d
be
re
mi
ss
if
we
fa
il
ed
to
po
in
t
ou
t
th
at
fi
sh
-s
to
ck
s
an
d
fi
sh
er
y
re
ha
bi
li
ta
ti
on
in
th
e
Gr
ea
t
La
ke
s
ar
e
st
il
l
fa
r
fr
om
ha
vi
ng
fu
lf
il
le
d
th
e
ex
pe
ct
at
io
ns
wh
ic
h
ma
ny
ho
ld
fo
r
th
e
re
so
ur
ce
.
To
ba
la
nc
e
it
s
re
co
gn
it
io
n
of
th
e
ga
in
s
ac
hi
ev
ed
so
fa
r
by
Gr
ea
t
La
ke
s
wa
te
r-
re
so
ur
ce
an
d
fi
sh
er
y
ma
na
ge
rs
,
th
e
Bo
ar
d
fe
el
s
eq
ua
ll
y
ob
li
ga
te
d
to
id
en
ti
fy
as
we
ll
at
le
as
t
a
fe
w
of
th
e
ma
jo
r
fi
sh
er
y-
re
la
te
d
pr
ob
le
ms
th
at
ne
ed
to
be
ov
er
co
me
be
fo
re
th
e
fu
ll
po
te
nt
ia
l
of
th
e
la
ke
s
as
fi
sh
pr
od
uc
er
s
wi
ll
ag
ai
n
be
re
al
iz
ed
.
So
me
re
si
st
so
lu
ti
on
an
d
ot
he
rs
st
il
l
aw
ai
t
at
te
nt
io
n.
Al
l
ar
e
ve
ry
co
mp
le
x
te
ch
ni
ca
ll
y,
politically, or both.
0
Th
e
st
oc
ks
of
ye
ll
ow
pe
rc
h
in
so
ut
he
rn
La
ke
Mi
ch
ig
an
,
we
st
er
n
La
ke
Er
ie
,
an
d
ea
st
er
n
La
ke
On
ta
ri
o
wh
ic
h
ar
e
hi
gh
ly
va
lu
ed
by
co
mm
er
ci
al
an
d
sp
or
t
fi
sh
er
ie
s
ar
e
st
il
l
at
re
du
ce
d
le
ve
ls
an
d
ha
ve
be
en
sl
ow
in
re
sp
on
di
ng
to
ma
na
ge
me
nt
ta
ct
ic
s
de
si
gn
ed
to
re
st
or
e
th
ei
r
kn
ow
n
productive capacity.
0
Un
re
so
lv
ed
co
nf
li
ct
be
tw
ee
n
gr
ou
ps
co
mp
et
in
g
fo
r
th
e
us
e
of
ce
rt
ai
n
sp
ec
ie
s
-
e.
g.
,
sp
or
t
an
d
co
mm
er
ci
al
fi
sh
er
me
n
fo
r
la
ke
tr
ou
t,
wa
ll
ey
e,
an
d
ye
ll
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continues to be impaired by the effects of cumulative alterations in
the environment associated with a variety of proposed water-use and
lake-bed/shoreline developments.
0 Great Lakes waters, biota, and fishery products contaminated by toxic
substances poses yet another very serious problem, which if unchecked
and unresolved, promises to undermine many if not all the
fishery-management achievements so far attained, and to preclude the
realization of still others underway. Although DDT and mercury
residues in some Great Lakes fishes have dropped below guidelines of
public health authorities, PCBs, mirex, and dieldrin still pose
problems in some areas.
Our intent in discussing the historical perspective of cultural
development and fishery resources is to exemplify the diversity of stresses as
a result of man‘s activities which have been placed on a few components of the
Great Lakes Basin Ecosystem. These stresses included deforestation,
conflicting water uses, shoreline development, introduction of new biological
species and discharge of chemical contaminants. The stresses and the
consequences are a result of the interactions within components of the
ecosystem namely air, land, water and living organisms including man.
Management of the Great Lakes resources has in the past focussed only upon a
few of the components often without regard for the interactions.
EC
OS
YS
TE
M
AP
PR
OA
CH
TO
GR
EA
T
LA
KE
S
WATER QUALITY PROBLEMS
As expressed earlier, the Board is convinced that "planning and management
of
the
Grea
t L
akes
requ
ires
an u
nder
stan
ding
of t
he
tota
l E
cosy
stem
and
the
diverse interactions which occur within its chemical, physical, biological and
societal components." Such understanding should minimize stresses and
consequences to the Ecosystem as a result of man's activities. In its 1978
report "The Ecosystem Approach“ the Board outlined five criteria which should
constitute part of a broader approach for application in the Great Lakes Basin
Ecosystem:
i) The approach should encompass human activities in a manner suggesting
interaction with other parts of nature, rather than viewing man as
separate from nature.
ii) The approach should force us to consider interactions of the Great
Lakes Basin Ecosystem with areas neighboring the Basin.
iii) The approach should convey a dynamic picture of the transport of
energy and materials in the Basin, interrelating industrial
activities, geochemical cycles and food chains.
iv) The approach should consider, allow and encourage public interests,
attitudes, perceptions and behavior to enable people in the Basin to
relate to the biosphere.
 
  
v) The approach should recognize the concepts of carrying capacity and
resilience, suggesting that there are limits to human activity in the
Basin.
The Board thus addresses four current and urgent Great Lakes issues (long
range transport of atmospheric pollutants, toxic substance control,
socio—economic futures, and eutrophication) in terms of an ecosystem approach
to illustrate to the Commission and the Parties the advantages of such an
approach and to assess the gaps in knowledge which will facilitate Great Lakes
planning and management.
A. Long Range Transport of Atmospheric Pollutants
Man-induced changes are affecting the quality of the earth's atmosphere.
These changes are the result of atmospheric emissions from many sources:
industrial processes; municipal waste disposal; certain intensive forestry
and agricultural processes (i.e. use of pesticides, burning, etc.);
transportation; and, household practices (home-heating, aerosol sprays).
Meterological processes are known to transport these emissions hundreds or
even thousands of kilometers from their original sources. The problems
are international in some cases and global in other cases. Their impacts
can be great.
Various aspects of this problem, relevant to transboundary effects on
water quality, have been described previously to the Commission through
studies conducted in support of the Upper Lakes Reference Group and the
Pollution fromLand Use Activities Reference Group (PLUARG). For example,
PLUARG studies calculated that direct atmospheric deposition onto the
surface of Lake Superior accounts for 37 percent of the total phosphorus
loading (excluding shoreline erosion). In 1975, the Wisconsin Dept. of
Natural Resources analyzed snow melt samples for PCB and reported
concentrations ranging from 0.17 to 0.24 ppb. Atmospheric fallout was
attributed as a major source of PCB contamination in the Lake Michigan
fish. It has been reported that DDT from an aerial application in 1974 to
control a moth infestation in the Pacific Northwest was detected in the
rain falling on the state of New York.
The very nature of long range atmospheric transport and deposition
requires that an approach beyond that of traditional air quality and/or
water quality approaches be applied to determine appropriate solutions to
the array of problems which are known or suspected.
An Ecosystem Approach to the Problem of Acid Precipitation
Acids are chemicals which release hydrogen ions (H+) in solution.
The
concentration of hydrogen ions is conveniently expressed as pH which is a
negative logarithmic function of hydrogen ion concentration. A solution
with a pH of 4 is, because of the logarithmic function, ten times more
acid than a solution with a pH of 5.
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Fig. 1 SOURCES OF SULFUR DIOXIDE EMITTED IN
UNITED STATES, 1973. (DATA FROM US. EPA.)
acid, which become dissolved in precipitation. Nitric and hydrochloric
acids may be similarly formed as a result of the widespread dispersal of
sulfur and nitrogen oxides. All parts of the Great Lakes watershed are
receiving precipitation which contains 5 to 40 times more acid than
precipitation under natural conditions (Figure 2).
Glob
al e
nerg
y de
mand
s h
ave
incr
ease
d ex
pone
ntia
lly
for
the
past
50 y
ears
,
and may continue to do so well into the next century (Figure 3 and 4).
Without management controls, sulfur and nitrogen oxides may be expected to
follow the same trends. In the absence of adequate controls, the current
energy crisis, with its resulting return to coal as an energy source,
seems certain to intensify the problem.
The problem in the Great Lakes Basin cannot be viewed as unconnected to
the global problem of air contamination. Many countries may decide to use
fuels higher in sulfur and other contaminants and there may not be
assurance of adequate control measures within these countries. This
problem on a global basis may be analogous to the nonpoint source problem
with phosphorus in terms of control strategies.
Ecological Effects of Acid Precipitation
The acid in precipitation reacts with calcareous materials (such as
limestone) in soils and rocks and dissolved bicarbonate in lakes.
Initially these reactions neutralize the acid inputs, but in softwater
lakes, such as those in Precambrian areas of the northern Great Lakes
Basin (Figure 2), the amounts of neutralizing substances are so low that
bicarbonate reserves are depleted quickly by acid precipitation. For
example, it has been found that some lakes in the Haliburton-Muskoka area,
which drain into Lakes Huron and Ontario, have lost 40% to 75% of their
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acid neutralizing ability in a decade or less. Once buffering reserves
are depleted, small amounts of acid cause large changes in the pH of the
water and the lakes quickly become too acid for many forms of aquatic
life. At present, it is estimated that the biota in as many as 50,000
Canadian lakes may be seriously endangered in the next two decades.
Vital nutrients such as calcium and magnesium are released from soils in
the presence of acidic conditions. Such depletion may affect soil
fertility. In acidified areas of the northeastern U.S.A. and Sweden, some
workers claim that forest productivity has decreased by 10% per decade in
recent years. As calcareous materials are exhausted and terrestrial soils
become more acid, microbial nitrification, which is a vital link in the
nitrogen cycle, decreases. Low pH also reduces the rate of microbial
decomposition of cellulose in plant tissues. Thus just as changes in
plant communities resulting from deliberate deforestation affected the
Great Lakes, changes in plant communities as a result of acid
precipitation may have a ripple effect and produce additional changes in
the lakes themselves even though the pH of the lakes is not altered.
When acid precipitation falls on land, it may cause direct damage to the
foliage of sensitive plants. As in the case of nutrients, the hydrogen
ions may facilitate the release of toxic heavy metals such as mercury,
copper, lead, nickel, aluminum and zinc bound to soils and lake
sediments. The released heavy metals may then approach levels which
affect aquatic organisms. Aluminum is of particular concern. Also metals
are generally more toxic in waters of low alkalinity. Due to the high
inputs of acid precipitation to non-calcareous watersheds, some of the
streams and rivers entering the Great Lakes have become more acidic and
carry high concentrations of heavy metals. This could potentially affect
the Great Lakes fish species which utilize these rivers and bays as
spawning and nursery areas. The loss of walleye spawning migrations from
Lake Huron into streams draining the heavily acidified watersheds of
Muskoka and Haliburton is currently being investigated in this regard.
Correlations between the elevated levels of mercury in fish from
apparently unpolluted areas and the acidification problem have been
reported. The high mercury content of fish in lakes in the Lake Huron
Watershed of Ontario has been related to the low buffering capacity and
therefore the low pH of these lakes. It has similarly been linked to the
mercury content of fish in Cranberry Lake and Stillwater Reservoir. These
low pH Adirondack lakes are located in the Oswegatchie and Black River
Watersheds which flow into the international section of the St. Lawrence
River and Lake Ontario respectively. Smallmouth bass greater than 30 cm.
length in these waters contain 1.3 to 2.5 ppm mercury.
Several explanations have been presented to account‘ for the elevated
mercury levels in-fish from apparently unpolluted areas. The acidity may
be causing naturally occurring mercury to leach from natural rock and soil
formations. Mercury may also be entering the lakes with rain and snow as
a result of emissions from the same sources of airborne acidity, e.g. coal
burning. The low pH of the water may facilitate bacterial conversion of
mercury into methyl mercury which is taken up by the fish.
-12-
Effects In the Great Lakes Basin
Severe effects of acid precipitation have already been documented in some
poorly buffered watersheds draining into northern Lake Huron and Georgian
Bay and in the Adirondack Mountains of northern New York State. Both
areas are currently subjected to precipitation which is more than twice as
acidic (doubling the hydrogen ion concentration) as that which caused
losses of major fish stocks from thousands of Scandinavian lakes and
streams in similar geological settings. A recent (1978) summary by
Ontario's Ministry of Environment has shown that lakes within a 100 km
radius of Sudbury, Ontario, are becoming more acidic at an average rate of
0.09 pH units per year which is equivalent to a 20% increase in the
hydrogen ion concentration every year.
Due to the shape of the acid—base titration curve, the rate of
acidification is related to decreased neutralizing capacity. A titration
curve provides an index to the sensitivity of different waters to
acidification as seen in Figure 5. Here samples of the lake waters have
been titrated in the laboratory with standard acid. Only small amounts of
acid are required to drop the pH of the water of Lumsden Lake in the
LaCloche area to pH values well below 5.0 in which fish populations cannot
survive. As can be seen from the titration curve, Glen Lake with a pH of
7.7 is well buffered.
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of
ac
id
ic
wa
te
r
int
o
lak
es
and
str
eam
s
(Fi
gur
e
7)
cau
ses
inc
rea
ses
of
up
to
100
x
in
aci
dit
y.
Cha
nge
s
in
con
cen
tra
tio
ns
of
maj
or
ion
con
sti
tue
nts
in
the
Spa
nis
h
Riv
er
dur
ing
197
7
spr
ing
run
off
are
sho
wn
in
Fig
ure
8.
Alk
ali
nit
y
was
dec
rea
sed
fiv
e
fol
d
and
the
nor
mal
pH
of
app
rox
ima
tel
y
6.5
dro
ppe
d
bel
ow
5 f
or
a
sho
rt
per
iod
.
Hig
h
con
cen
tra
tio
ns
of
alu
min
um
are
als
o
fou
nd
in
Adi
ron
dac
k
run
off
wat
er
whe
n
the
aci
dic
sno
wpa
ck
mel
ts
in
the
spr
ing
.
The
dis
cha
rge
of
thi
s
aci
dic
,
alu
min
um-
ric
h
wat
er
int
o
Adi
ron
dac
k
lak
es
and
str
eam
s
is
ext
rem
ely
tox
ic
to
bro
ok
tro
ut
and
oth
er
aqu
ati
c
org
ani
sms
.
Con
cen
tra
tio
ns
of
ava
ila
ble
alu
min
um
in
the
soi
ls
nor
th
of
Geo
rgi
an
Bay
hav
e
bec
ome
hig
h
eno
ugh
to
hin
der
ger
min
ati
on
and
see
dli
ng
est
abl
ish
men
t
for
som
e
for
est
spe
cie
s.
Sim
ila
r
pro
ble
ms
hav
e
bee
n
enc
oun
ter
ed
in
the
Sud
bur
y
are
a,
due
to
nic
kel
and
cop
per
dis
cha
rge
d
fro
m
the
sme
lte
rs
in
that
area
.
High
conc
entr
atio
ns
of n
icke
l w
ere
also
foun
d in
rive
rs
whic
h
drain that area into Lake Huron.
Whi
le
eff
ect
s o
n f
ish
pop
ula
tio
ns
hav
e b
een
well
doc
ume
nte
d,
sub
sta
nti
al
chan
ges
to o
ther
form
s of
aqua
tic
life
are
also
know
n (
Tabl
e 1)
. T
his
may
secondarily affect fish by reducing food availability.
Export Outside the Great Lakes Basin
The
exa
min
ati
on
of
lon
g—r
ang
e t
ran
spo
rt
of
air
pol
lut
ant
s t
o t
he
Atl
ant
ic
Prov
ince
s o
f C
anad
a h
as
been
thro
ugh
a s
mall
numb
er
of
isol
ated
,
shor
t-te
rm
stud
ies
carr
ied
out
sinc
e t
he e
arly
1950
's.
Rout
ine
Cana
dian
moni
tori
ng n
etwo
rks
beca
me o
pera
tion
al
in 1
975
and
expa
nded
in 1
977
to
a
netw
ork
call
ed
Cana
dian
Netw
ork
for
Samp
ling
Atmo
sphe
ric
Prec
ipit
atio
n
(CANSAP). Although trends can not be established as yet, the past studies
do s
eem
to i
ndic
ate
that
ther
e is
subs
tant
ial
atmo
sphe
ric
expo
rt o
f su
lfur
comp
ound
s f
rom
nort
heas
tern
Cana
da
and
the
Unit
ed
Stat
es
to
the
Atla
ntic
Prov
ince
s.
It h
as b
een
repo
rted
that
high
aero
sol
sulf
ate
conc
entr
atio
ns
in
the
Grea
t L
akes
area
were
, i
n t
wo
days
time
, t
rans
port
ed
to
Nova
Scot
ia.
The
elev
ated
sulf
ate
leve
ls
comp
rise
d
abou
t
50%
of
the
part
icul
ate
matt
er
capt
ured
by
the
samp
ler.
Exam
inat
ion
of
conc
urre
nt
surf
ace
weat
her
maps
indi
cate
d t
hat
the
high
conc
entr
atio
ns
of
sulf
ates
were
loca
ted
in t
he w
arm
air
sout
h o
f a
fron
tal
syst
em,
and
appe
ared
to
move along with the system.
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1612.131
Summary of damages to aquatic organisms with decreasing pH.
(From Hendrey, 1979).
Long term changes of less than 0.5 pH units in the range 8.0-6.0 are
likely to alter the biotic composition of freshwaters to some degree. The
significance of these slight changes is, however, not great.
A decrease of 0.5-1.0 pH units in the range 8.0-6.0 may cause detectable
alterations in community composition. Productivity of competing organisms
will vary. Some species will be eliminated.
Decreasing pH from 6.0-5.5 will cause a reduction in species numbers and,
among remaining species, significant alterations in ability to withstand
stress.
Below pH 5.5 many species will be eliminated, species numbers and
diversity indices will be reduced. Crustacean zooplankton, phytoplankton,
molluscs, amphipods, most mayfly species and many stone fly species will
begin to drop out. In contrast, several pH-tolerant invertebrates will
become abundant, especially the air-breathing forms (e.g. Gyrinidae,
Notonectidae, Corixidae), those with tough cuticles which prevent ion
losses (i.e. Sialis lutaria) and some forms which live within the
sediments (Oligochaeta, Chiromomidae and Tubificidae). Overall,
invertebrate biomass will be greatly reduced.
Below pH 5.0 decomposition of organic detritus will be severely impaired.
Autochthonous and allochthonous debris will accumulate rapidly. Most fish
species are eliminated.
Below pH 4.5 all of the above changes will be greatly exacerbated, and all
fish
will
be
eliminated-‘
.
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Human Health and Acid Precipitation
Acid precipitation may also be detrimental to the health of residents in
the Great Lakes Basin. Acidic water in metal plumbing may increase copper
and lead concentrations in the water. Based on a limited number of
measurements from the Adirondack Mountains of New York, natural spring
waters from acidified watersheds are showing elevated concentrations of
lead, copper, and aluminum. Further, the occurrence of elevated
concentrations of other toxic metals such as cadmium and mercury cannot be
ruled out. For example, high cadmium and mercury concentrations have been
found in Scandinavian waters.
There is a potential for metal toxemia from the consumption of acidified
water. Although the acidification of drinking water in Bennington,
Vermont led to elevated levels of lead and copper, no valid reports have
been found indicating the extent of illness caused by such metal
concentrations.
Energy Consumption and Acid Precipitation
 
As human demands for energy have increased at an exponential rate, so has
our output of the sulfur and nitrogen oxides which cause acid
precipitation. As Figure 3 shows, demand for energy is now increasing
exponentially a trend which could continue or increase further in the next
50 years. The recent U.S. decision to use coal for a higher proportion
of its energy requirements in the next few decades can only aggravate the
problem unless SOX and N0x are controlled.
Another major source of SOX is from sulfide minerals which are smelted
to produce a number of important metals. For example, the nickel rich
iron sulfide entering the smelters at Sudbury, Ontario contains about 40%
sulfur by weight. Unless removed prior to smelting, all of the sulfur is
converted to 502. Technology for removing the sulfur from the ore has
been developed and some sulfur is currently removed and converted to
sulfuric acid. Expansion of the facility to remove more sulfur has been
inhibited by an inadequate market for sulfuric acid. It is, however,
noteworthy that Minnesota's copper-nickel project will require 99% 802
removal from smelters installed in that area.
Sulfur oxide emissions can be reduced in a number of ways. Where the
source is fossil fuels, efforts can be made to burn low-sulfur fuels. At
present, in eastern North America low sulfur coal is usually expensive and
not as available as high sulfur coal, so that the latter is burned in
order to minimize the direct cost to the rate payer.
"Scrubbing" of sulfur from stack effluents is also possible. Once again,
the technology is costly, and reports on reliability vary.
Desulfurization of coal prior to combustion is still in the experimental
stages.
-18-
 An obvious choice is to reconsider major methods of producing electricity,
and/or reduce the use of electrical power.
The public has to be aware of
the‘many
hazards
of
coal
burning,
beyond
acid
precipitation
which
include
the direct
damage caused“ by $02 and stack emissions of radionuclides,
which exceed amounts released by nuclear plants, toxic heavy metals and
fly ash.
There is an obvious need for assessment of relative risks and
true costs of various energy
alternatives,
including
energy conservation,
and a wide-scale public information program.
Information
Needed to Improve Our Understanding of the Acid
Precipitation
Problem
The extent of damage to date and susceptibility to future damage from acid
precipitation
is
not
completely
known.
One
of
the
reasons
for
this
is
that we are not in a steady-state situation.
The rate of addition of
sulfur
and nitrogen
oxide to air
has been increasing
exponentially,
hence
past and present conditions do not reflect what the situation will be in
the
future.
The
problem
is
a
creeping
one,
now
well
recognized
in
water
resources. The deterioration of forests must be presumed to exist.
Several
existing
techniques
must
be
applied
to
the
problan
in order
to
assess the current vulnerability and previous damage to lakes caused by
acid precipitation.
Particularly valuable might be a compilation of historical data sets for
pH,
conductivity,
alkalinity and other parameters related
to acidification
from several research stations in the Great Lakes Basin. For example,
chemical
data for
more
than
400
lakes
were
collected
at the
Trout
Lake
Station in northern Wisconsin in the 1920‘s and 1930's.
Several other
large
data
sets
in
the
U.S.
and
Canada
are
known
to
extend
back
to
the
1920's
and
1930's.
Careful
resurveys
of
lakes
for
which
historical
information
is
available
may
provide
an
indication
of
the
degree
of
deterioration
of
lakes
and
streams
in
different
regions
and
geological
settings.
For the many areas where historical data do not exist, paleolimnological
methods may be brought
to bear.
Specific
assemblages of diatoms
grow at
different pH conditions, including any species which are well preserved in
lake sediments.
By enumerating the diatoms
in strata of dated sediments,
it
is
possible
to
assess
the
rate
at which
acidification
has proceeded.
Although
developmental
work
is
necessary
it
is probable
that many
other
groups
of
organisms,
such
as
chironomids
and
zooplankton,
exhibit
acidophilic
"indicator
communities"
which
could
be
similarly
used.
The
assessment of lichen
species
and growth is another sensitive indicator
which
has
not been
widely
applied
in North America.
At
present,
we
do
not
know
the
rate
at
which
acid
precipitation
is
acidifying many of the water bodies.
In addition to bicarbonate dissolved
in
the
water,
calcareous
sediments
and
biological
processes
such
as
photosynthesis and sulfate reduction may act as neutralizing
agents.
Mass
balance studies are needed for acid,
sulfate and calcium, similar to those
fog
phosphorus
which
have
provided
the
basis
for
eutrophication
management
mo e s.
-19-
  
The
syn
erg
ist
ic
eff
ect
s
of
aci
d
and
/or
tox
ic
sub
sta
nce
s,
suc
h
as
met
als
and
PCB
s,
on
nat
ura
l
ec
os
ys
te
ms
,
re
qu
ir
e
fu
rt
he
r
stu
dy.
Li
mi
te
d
da
ta
are
ava
ila
ble
for
tho
se
sub
sta
nce
s
in
the
ver
y
sof
t
wat
ers
whi
ch
cha
rac
ter
ize
ar
ea
s
su
sc
ep
ti
bl
e
to
aci
d
pr
ec
ip
it
at
io
n.
The
Boa
rd
rec
ogn
ize
s
tha
t
inf
orm
ati
ona
l
stu
die
s
nee
ded
to
add
res
s
the
que
sti
on
of
aci
d p
rec
ipi
tat
ion
con
tro
l,
mus
t
be
con
duc
ted
in
a c
oor
din
ate
d
man
ner
in
ord
er
tha
t
tim
ely
and
eff
ici
ent
uti
liz
ati
on
of
lab
ora
tor
y
fac
ili
tie
s,
man
pow
er
and
cap
ita
l
exp
end
itu
res
are
ach
iev
ed.
To
thi
s
end
,
the
Boa
rd,
by
let
ter
dat
ed
Nov
emb
er
6,
197
8,
req
ues
ted
tha
t
the
Com
mis
sio
n
sup
por
t
a
Nat
ion
al
Atm
osp
her
ic
Dep
osi
tio
n
Pro
gra
m
pro
pos
al
now
bef
ore
the
U.S
.
Cou
nci
l
on
Env
iro
nme
nta
l
Qua
lit
y
(CE
O).
The
gen
era
l
out
lin
e
of
thi
s
res
ear
ch
pro
gra
m
is
giv
en
in
Tab
le
2.
Det
ail
ed
des
cri
pti
ons
of
the
res
ear
ch
rec
omm
end
ati
ons
are
giv
en
in
the
Cou
nci
l's
rep
ort
.
Ameliorative and Corrective Measures
Bas
ed
upo
n
the
his
tor
y
of
pho
sph
oru
s
con
tro
l,
it
see
ms
lik
ely
tha
t
the
aci
d
pre
cip
ita
tio
n
pro
ble
m
wil
l
be
sol
ved
ver
y
slo
wly
and
tha
t
the
bio
ta
of
a
lar
ge
num
ber
of
lak
es
and
str
eam
s
wil
l
be
irr
eco
ver
abl
y
alt
ere
d,
per
hap
s f
or
geo
log
ica
l
tim
e.
Ame
lio
rat
ion
mea
sur
es
mus
t
the
ref
ore
occ
upy
a p
rom
ine
nt
spot
in
res
ear
ch
pri
ori
tie
s.
In
Sca
ndi
nav
ia
and
in
Ont
ari
o,
lim
ing
of
aff
ect
ed
lake
s h
as
pro
ved
mod
era
tel
y s
ucc
ess
ful
, a
lth
oug
h c
ost
ly
(ap
pro
xim
ate
ly
$50
per
acre
).
The
eff
ect
of
a s
ing
le
lim
ing
tre
atm
ent
may
last
for
onl
y s
ever
al
yea
rs
dep
end
ing
on
the
lake
.
Cos
ts
and
eff
ici
enc
y
mig
ht
be
imp
rov
ed
by
fur
the
r
met
hod
olo
gic
al
wor
k.
Whi
le
it
wil
l
not
be
pos
sib
le
to
lim
e t
he
vas
t
are
as
of
the
Gre
at
Lak
es
dra
ina
ge
whi
ch
are
aff
ect
ed
by
aci
d
pre
cip
ita
tio
n,
lim
ing
may
be
a
mea
ns
of
mai
nta
ini
ng
natural biota in selected sanctuary areas.
The
onl
y e
ffe
cti
ve
mea
ns
of
red
uci
ng
the
acid
pre
cip
ita
tio
n p
rob
lem
is
by
gre
atl
y r
edu
cin
g e
mis
sio
ns
of
sul
fur
and
nit
rog
en
oxid
es.
Bec
aus
e s
eve
re
eff
ect
s a
re
alr
ead
y o
ccu
rri
ng,
and
are
exp
ect
ed
to
inc
rea
se
gre
atl
y i
n t
he
nex
t
two
dec
ade
s,
swif
t,
dec
isi
ve
and
wid
esp
rea
d
act
ion
is
req
uir
ed.
Pol
lut
ion
aba
tem
ent
pol
icy
to
dat
e i
n m
any
are
as
has
bee
n t
o b
uil
d t
all
sta
cks
to
dis
per
se
pol
lut
ant
s a
nd
eli
min
ate
loca
l p
rob
lem
s.
Thi
s p
oli
cy
has
bee
n
par
tly
res
pon
sib
le
for
the
wid
esp
rea
d
nat
ure
of
the
aci
d
precipitation problem.
The
maj
or
stu
mbl
ing
blo
ck
to
imp
lem
ent
ati
on
of
mea
sur
es
to
con
tro
l
any
pol
lut
ant
is
usu
all
y a
n e
con
omi
c a
nd
pol
iti
cal
one.
Whi
le
the
con
cep
t o
f
loo
kin
g a
t s
our
ces
and
eff
ect
s o
f p
oll
uta
nts
on
a b
roa
der
eco
sys
tem
bas
is
is g
aini
ng w
ides
prea
d a
ccep
tanc
e in
the
Grea
t La
kes
Basi
n,
it h
as n
ot y
et
been
expa
nded
to i
nclu
de e
cono
mic
matt
ers.
It s
eems
like
ly t
hat
util
itie
s
and
ind
ust
rie
s w
hic
h a
re
att
emp
tin
g t
o m
ini
miz
e d
ire
ct
cos
ts
of
ene
rgy
or
mat
eri
als
to
con
sum
ers
may
act
ual
ly
be
inf
lic
tin
g m
uch
gre
ate
r “
hid
den
costs" on the public at large.
Whil
e no
econ
omic
cost
figu
res
of t
he i
mpac
t du
e to
acid
prec
ipit
atio
n ar
e
ava
ila
ble
whi
ch
per
tai
n d
ire
ctl
y t
o t
he
Gre
at
Lak
es
Bas
in,
it
is
wor
th
not
ing
som
e
cos
ts
fro
m o
the
r
stu
die
s.
In
a r
ece
nt
rep
ort
,
the
U.S.
-20-
 Table 2
RECOMMENDED RESEARCH PROGRAM
(From CEQ, 1978)
Measurement of Atmospheric Deposition
1.
Determine spatial and temporal variations in atmospheric deposition;
Determine
nature
of
acid
inputs
to
ecosystems;
Develop
improved methods
for measurement
of
dry deposition;
k
W
N
Determine
mesoscale variability of
atmospheric
deposition;
5.
Determine magnitude of atmospheric deposition of trace substances.
(e.g., metals and organics)
Calibrated Watershed Program
(Analysis of chemical
linkages between atmospheric/terrestrial/aquatic
systems).
1. Chemical mass balance of elements;
2. Mobilization of nutrients and toxic substances in soils;
3. Experimental manipulation of ecosystems.
Biological Effects Program
(Analysis of effects on physiological functions, organisms and ecosystems).
1. Agriculture;
2. Forestry;
3. Wetlands and aquatic ecosystems.
Economic
Assessment
and
Criteria
Development
1.
Estimate
of
current
losses;
2.
Identification of vulnerable organisms, soils and ecosystems;
3.
Criteria
for
action.
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b
e
e
l
i
m
i
n
a
t
e
d
.
Co
al
cl
ea
ni
ng
is
ba
se
d
on
th
e
ph
ys
ic
al
se
pa
ra
ti
on
of
in
or
ga
ni
c
py
ri
ti
c
su
lf
ur
fr
om
th
e
co
al
du
e
to
sp
ec
if
ic
gr
av
it
y
di
ff
er
en
ce
s.
Re
mo
va
l
ef
fi
ci
en
ci
es
up
to
80
%
of
th
e
py
ri
ti
c
su
lf
ur
ar
e
po
ss
ib
le
.
Th
is
co
rr
es
po
nd
s
to
an
ov
er
al
l
re
mo
va
l
of
su
lf
ur
co
nt
en
t
of
16
%
to
64
%
de
pe
nd
in
g
of
th
e
ch
ar
ac
te
r
of
th
e
co
al
.
Th
is
op
ti
on
ha
s
a
se
ve
re
li
mi
ta
ti
on
in
th
at
on
ly
13
.5
%
of
th
e
U.
S.
co
al
re
se
rv
es
ar
e
su
it
ab
le
fo
r
cl
ea
ni
ng
to
me
et
th
e
cu
rr
en
t
NS
PS
re
qu
ir
em
en
ts
.
Th
e
us
e
of
co
al
wi
th
a
lo
we
r
su
lf
ur
co
nt
en
t
‘i
n
ex
is
ti
ng
po
we
r
pl
an
ts
ma
y
al
so
ha
ve
th
e
co
ns
eq
ue
nc
es
of
lo
we
r
op
er
at
in
g
ca
pa
ci
ty
an
d
hi
gh
er
pa
rt
ic
ul
at
e
em
is
si
on
s.
Th
er
e
ar
e
a
va
ri
et
y
of
fl
ue
ga
s
de
su
lf
ur
iz
at
io
n
(F
GD
)
pr
oc
es
se
s
th
at
ar
e
ei
th
er
av
ai
la
bl
e
or
un
de
r
de
ve
lo
pm
en
t.
Si
gn
if
ic
an
t
de
mo
ns
tr
at
io
n
an
d
de
ve
lo
pm
en
t
ef
fo
rt
s
by
th
e
pr
iv
at
e
se
ct
or
an
d
pu
bl
iC
'
se
ct
or
ar
e
be
in
g
co
nd
uc
te
d
an
d
th
e
st
at
us
of
al
te
rn
at
iv
es
is
ch
an
gi
ng
ra
pi
dl
y.
Li
me
or
li
me
st
on
e
sl
ud
ge
sc
ru
bb
in
g
ar
e
th
e
mo
st
pr
ev
al
en
t
sy
st
em
s
in
th
e
U.
S.
Th
ey
ha
ve
be
en
co
mm
er
ci
al
ly
de
mo
ns
tr
at
ed
wi
th
lo
w
su
lf
ur
co
al
(<
1%
),
at
11
5
Mw
an
d
17
0
Mw
fa
ci
li
ti
es
re
sp
ec
ti
ve
ly
,
an
d
ac
hi
ev
e
su
lf
ur
re
mo
va
l
in
ex
ce
ss
of
90
%
re
mo
va
l.
Li
me
sc
ru
bb
in
g
of
me
di
um
an
d
hi
gh
-s
ul
fu
r
co
al
ha
s
al
so
be
en
de
mo
ns
tr
at
ed
at
th
e
10
0
Mw
ca
pa
ci
ty
wi
th
90
%
re
du
ct
io
n
re
po
rt
ed
.
On
e
of
th
e
di
sa
dv
an
ta
ge
s
of
th
is
te
ch
no
lo
gy
is
th
e
la
rg
e
am
ou
nt
of
wa
st
e
sl
ud
ge
pr
od
uc
ts
th
at
ar
e
di
ff
ic
ul
t
to
ha
nd
le
;
pr
im
ar
il
y
un
ox
id
iz
ed
ca
lc
iu
m
su
lf
it
e
an
d
ca
lc
iu
m
su
lf
at
e.
Ul
ti
ma
te
di
sp
os
al
op
ti
on
s
in
cl
ud
e
st
or
ag
e
in
un
de
rd
ra
in
ed
po
nd
s,
an
d
ch
em
ic
al
fi
xa
ti
on
to
pe
rm
it
us
e
in
la
nd
fi
ll
s,
mi
ne
re
cl
am
at
io
n
ar
ea
s,
or
po
ss
ib
le
co
nv
er
si
on
to
gy
ps
um
.
Co
al
-f
ir
ed
po
we
r
pl
an
ts
,
wi
th
ou
t
FG
D
wi
ll
co
st
-22-
 about $500/Kw in capital costs and 30 mills/kwh in operating costs. Lime
scrubbing to a new power plant, burning high-sulfur coal, can add from
$60-$130/Kw in capital costs and 3-5 mills/kwh in operating costs which
adds 10 to 15% to the cost of power generation from coal. Flue gas
desulfurization costs are sensitive to the sulfur content of the coal
used. Various combinations of low-sulfur coal blending, or coal cleaning
with FGD may be desirable.
A smaller number of operating units in the U.S. use the sodium sulfite
(Hellman-Lord $02 recovery process) or the magnesium oxide process.
Other FGD technologies of commercial interest which are operating in Japan
include: double alkali/sludge, limestone/gypsum, lime/gypsum, double
alkali/gypsum, and dilute sulfuric acid/gypsum. The emerging technologies
of coal gasification, liquefaction and fluidized bed combusion are not
likely to be of commercial significance until after 1985.
N02 Control Technology - United States
For the U.S., fuel combustion from stationary sources emit about 50% of
the atmospheric nitrogen oxides. Electric power generating emits 24% of
the total. Transportation is the second largest contributing source at
35% of the total. Like $02, much (56%) of the total U.S. emissions of
N02 are found in the Northeast.
Control technology options for N0 from stationary sources basically
relate to lowering the oxygen leve 5 and/or maximum temperatures in the
flame zone through techniques such as: low-excess-air firing, staged
combustion, flue-gas recirculation, water injection and reduced air
preheat. The latter two options may have unacceptable penalties in
thermal efficiency. Nitrogen oxide reductions of 37% to 60% are possible
through these techniques.
S02 Control Technology - Canada
The control technologies for sulfur dioxide and nitrogen oxides emissions
from stationary source in the United States, summarized above apply
equally in Canada.
Whereas 75% to 80% of the sulfur-dioxide emissions in the U.S. are from
stationary—fuel combustion sources, about 75% of the total emitted in
Canada originates from industrial sources, indicating clearly that Canada
has a different 502 control problem as shown in the Table 3. The
largest emitter of sulfur dioxide in Canada is the primary nickel and
copperlindustry which accounts for about half of the total 502 emitted
annua y.
Available S0 control technology for the primary nickel and copper
industry conSists of:
1) Use of sulfuric acid plants (single or double contact).
2) Production of liquid $02.
  
  
3) Production of elemental sulfur.
4)
Tal
l g
as
scr
ubb
ing
tec
hno
log
ies
,
e.g
.,
dou
ble
alk
ali
,
lim
est
one
,
and MgO.
5) Process change.
 
Table 3
Nationwide Air Pollutant Emissions - Sulfur Dioxide
Cat
ego
ry
Can
ada
Uni
ted
Sta
tes
(1974) (1974) (1977)
Nat
ion
wid
e
6.2
x10
6 t
ons
28.
4x1
06m
ton
s
22.
4x1
06m
ton
s
Emissions
Sta
tio
nar
y F
uel
23.
3%
77.
8%
81.
7%
Combustion
Ind
ust
ria
l
75.
"%
19.
7%
15.
3%
    
The
mos
t c
omm
on
tec
hno
log
y i
s t
hat
of
con
tac
t s
ulf
uri
c a
cid
plan
ts.
The
$02
str
eng
th
in
the
gas
str
eam
ran
ges
fro
m
4%
to
12%
for
norm
al
operation. Many of the existing plants are not suitable for this
technology since the $02 concentration in most of the gas streams is too
dilute for the acid plants. Major limiting factors are the cost of the
acid
plan
ts
and
supp
ort
faci
liti
es,
and
the
limi
ted
mark
et
for
the
sulf
uric
acid
prod
uct.
The
sulf
uric
acid
will
usua
lly
have
to b
e so
ld a
t
a l
oss
and,
for
larg
e q
uant
itie
s,
this
can
invo
lve
gove
rnme
ntal
trad
e
rest
rict
ions
, s
uch
as d
umpi
ng p
rovi
sion
s,
whic
h l
imit
the
quan
titi
es
whic
h
can be marketed.
Liqu
id
502
requ
ires
high
$02
stre
ngth
s (
gene
rall
y 6
0%
or
high
er)
and
thus is limited to a very fewprocess units. The market for liquid $02
is also very limited.
No elemental sulfur plants are operating due to the extremely high
oper
atin
g c
osts
and
cann
ot
be
cons
ider
ed
as
a v
iabl
e t
echn
olog
y u
nder
present conditions.
Tall gas scrubbing technologies have only been utilized under special
cond
itio
ns w
here
extr
emel
y lo
w 50
2 em
issi
ons
are
requ
ired
, s
uch
as J
apan
.
Process change is being utilized in many plants, almost always in
conj
unct
ion
with
acid
plan
ts.
New
prod
ucti
on
proc
esse
s a
re
avai
labl
e
whi
ch
hav
e f
lue
gas
str
eam
s c
ont
ain
ing
suf
fic
ien
t S
O
con
cen
tra
tio
n f
or
treatment in acid plants. In a few, small an localized cases,
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 hydr
omet
allu
rgic
al
prod
ucti
on
proc
esse
s c
an
be
util
ized
with
no
502
emissions. A limiting factor is the high cost of production process
change.
Although utilization of the $02 abatement technology available may not
be justified from the perspective of a specific industry sector, it may be
necessary to impose the most cost-effective control technology for $02
emis
sion
s t
o d
o o
ur
shar
e t
o a
meli
orat
e
the
envi
ronm
enta
l
effe
cts
resulting from acid rain in North America.
Regulatory Options
The United States Clean Air Act as amended in 1970, 1974 and 1977 provides
a variety of Inechanisms to control air pollution. Section 108 of the
National Ambient Air Quality Standards (NAAQS) identifies a maximum
ambient pollutant concentration for a specified period of time based on
public health considerations (primary standard) or public welfare
cons
ider
atio
ns
(sec
onda
ry
stan
dard
).
Nati
onal
Ambi
ent
Air
Qual
ity
Standards for sulfur and nitrogen oxides are shown in Table 4.
 
Table 4
U.S. Ambient Air Quality Standards
AVERAGING PRIMARY SECONDARY
POLLUTANT TIME STANDARDS STANDARDS
Sulfur Annual 80 ug/m3 -
Oxides (Arithmetic mean)
24-
hou
r
365
ug/
m3
-
3-h
our
-
130
0 u
g/m
3
N02 Annual 100 ug/m3 100 ug/m3
(Arithmetic mean)
   
Many existing power plants (pre August 1971) in the 247 air quality
regi
ons
will
have
to l
imit
thei
r em
issi
ons
to m
eet
the
ambi
ent
air
qual
ity
standards as part of the State Implementation Plans required by the Act.
New
Sour
ce P
erfo
rman
ce
Stan
dard
s (
Sect
ion
111)
of t
he C
lean
Air
Act
base
d
on demonstrated and best available control technology (including cost
considerations) limit emissions of public health or welfare significance
from new or modified sources. New source performance standards have been
esta
blis
hed
for
stea
m g
ener
ator
s (
502,
N02,
TSP)
, s
ulfu
ric
acid
plan
ts
($02
),
nitr
ic
acid
plan
ts
(N02
)
and
petr
oleu
m r
efin
erie
s.
A n
ew
source meeting the NSPS emission standards may not be operated if it would
viol
ate
the
ambi
ent
air
qual
ity
stan
dard
s.
The
curr
ent
New
Sour
ce
Performance Standard limits the emission of $02 from power plants to 1.2
  
  
lb/
mil
lio
n B
TU
whe
n s
oli
d f
uel
s a
re
burn
ed.
Suc
h a
res
tri
cti
on
req
uir
es
abo
ut
70%
502
con
tro
l
for
a 3
% s
ulf
ur
coal
.
The
NSP
S f
or
coa
l-f
ire
d
power plants are currently being reevaluated.
Mob
ile
sou
rce
emi
ssi
on
red
uct
ion
s o
f 9
0%
fro
m 1
970
leve
ls
are
req
uir
ed
for
C0, HC, and N0x under Section 202 of the 1970 Act.
Future trends of sulfur oxide and nitrogen oxide emissions vary
cons
ider
ably
.
One
repo
rt
indi
cate
s t
hat,
unde
r t
he
pres
ent
regu
lato
ry
str
uct
ure
,
pow
er
pla
nt S
O
emi
ssi
ons
will
inc
rea
se
fro
m 2
3 m
ill
ion
ton
s
per year in 1976 to 34 million tons per year by the year 2000. Constant
to
slig
htly
decr
easi
ng
emis
sion
s o
f $
0
of
abou
t 2
0 x
106
tons
/yr
and
an
incr
ease
of
NOx
emis
sion
s f
rom
{g
x 1
06
tons
/yr
to
18
x 1
06
tons/yr for the years 1976 to 1980 have also been predicted. These data
are
for
a 2
4-s
tat
e a
rea
in
the
Nor
the
ast
ern
Uni
ted
Stat
es.
Pro
jec
tio
ns
of
future emission levels are difficult to make because of the many
assu
mpti
ons
rela
tive
to
proj
ecte
d g
rowt
h i
n co
mbus
ion
sour
ces,
fuel
use
patt
erns
,
leve
ls
of
NSPS
in
futu
re
regu
lati
ons
and
the
degr
ee
of
compliance to the regulatory program.
Seve
ral
aspe
cts
of t
he C
lean
Air
Act
Amen
dmen
ts
as t
hey
rela
te t
o th
e ac
id
prec
ipit
atio
n p
heno
mena
are
wort
h n
otin
g.
The
stan
dard
s a
re
nati
onal
while the problem is regional in character. Ambient air quality standards
can
be
achi
eved
by
tall
stac
ks
whic
h c
ontr
ibut
e to
long
rang
e d
ispe
rsio
n
without really resolving the problems. Any change in the existing ambient
stan
dard
s
deem
ed
nece
ssar
y
to
refl
ect
the
cons
eque
nces
of
acid
precipitation will have to be based on scientifically sound, quantifiable
data
demo
nstr
atin
g c
ause
and
effe
ct
rela
tion
ship
s f
rom
emis
sion
s t
o
adverse impacts on the public health or welfare.
The
Pro
vin
ce
of
Ont
ari
o's
amb
ien
t
air
qua
lit
y
cri
ter
ion
for
$02
set
out
und
er
the
reg
ula
tio
ns
of
the
Pro
vin
ce'
s
Env
iro
nme
nta
l
Pro
tec
tio
n A
ct
of
1971 is 690, 270 and 55 ug/m3 for one hr., 24-hr. and 1 year average
res
pec
tiv
ely
.
The
amb
ien
t
cri
ter
ion
for
N02
is
400
and
200
ug/
m3
for the 1 hr. and 24-hr. averages respectively. The Ontario ambient air
qua
lit
y
cri
ter
ia
for
$02
and
N02
app
ly
to
bot
h
exi
sti
ng
and
new
sources.
Le
gi
sl
at
io
n
Go
ve
rn
in
g
In
te
rn
at
io
na
l
Ai
r
Po
ll
ut
io
n
The Great Lakes Science Advisory Board is aware of the views expressed by
the
Com
mis
sio
n's
Int
ern
ati
ona
l
Air
Pol
lut
ion
Adv
iso
ry
Boa
rd
reg
ard
ing
legislation governing international air pollution. As stated by the Air
Pollution Advisory Board:
"The two countries have specific legislation aimed at
controlling international air pollution. To become
operative, the U.S. legislation requires reciprocal
arrangements in the foreign country affected whereas the
Canadian legislation is dependent for its effectiveness on
the existence of an international obligation. Because of
this interdependence, neither section quoted can be used
-25-
 unilaterally for the purposes stated. Moreover, it is
apparent from a review of existing transboundary air
pollution problems that clear principles governing the
obligation of one country to another in a given
situation
are lacking. Accordingly, the Board recommends that this
matter
be
further
examined
with
a
view
to
identifying
appropriate legal mechanisms and principles."
The Great Lakes Science Advisory Board supports the International Air
Pollution Advisory Board in its recommendation to the Commission.
The Science Advisory Board acknowledges the activities recently initiated
between Governments relevant to transboundary air quality problems.
Particularly noteworthy is the formation of' a U.S. - Canadian Research
Consultation Group on the Long Range Transport of Air Pollutants and the
implementation of diplomatic talks on an Air Treaty.
What's Needed for the Great Lakes Ecosystem
An integrated acid precipitation program for the Great Lakes Basin is
urgently required. The required program must be extremely diverse, with
scientific, economic, educational and political components.
Detailed inventories must be developed for the susceptibility of different
areas of the Great Lakes Basin. Where possible, existing data must be
compiled to allow the assessment of damage to date. When coupled with
detailed studies of the rates of deposition, it should be possible to
evaluate the rate of deterioration of natural resources. A proper U.S.
Canada study of the transboundary movement of pollutants is also required.
In order to promote rapid decision making, a widespread public education
program on risks of acid precipitation, a thorough economic analysis of
the problem, and studies of the comparative human and ecological risks of
various energy alternatives should be undertaken as soon as possible.
Every effort should be made to overcome the problems of "piecemeal"
legislation which are sure to confound the control of emissions, many of
which are in well-buffered areas where the immediate effects of acid
precipitation will be negligible.
In light of these considerations, the Science Advisory Board recommends
that the International Joint Commission immediately implement, as
specified in Article VII(6) of the 1978 Great Lakes Water Quality
Agreement, liaison among institutions established under the 1909 Boundary
Waters Treaty, appropriate U.S. and Canadian agencies, and international
organizations which address concerns relevant to the Great Lakes Basin
Ecosystem to ascertain and ensure that all facets and concerns of the
Great Lakes Basin Ecosystem, as outlined in this report, are adequatley
considered. Particular emphasis on the problems associated with long range
transport of airborne pollutants should be given high priority. Further,
the Board recommends that the Parties to the Great Lakes Water Quality
Board be encouraged to formulate a reference within the context of an
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 "1975 Symposium on Structure-Activity Correlations in Studies of Toxicity
and Bioconcentration with Aquatic Organisms" researchers from several
private industries described their efforts to devise systematic procedures
to evaluate the effects to aquatic organisms of new Inaterials prior to
their commercialization. A listing of several other current hazardous
substance evaluation efforts is shown in Table 5.
Table 5
Efforts Underway
For the Evaluation of
The Effects of Chemical Substances in the Ecosystem
Sponsor or Group
Scope of Efforts
 
Toxic Substances Control Act
Interagency Testing Committee
- members from CEQ*, Commerce,
EPA, NSF, NIEHS, NIOSH, MCI and
OSHA and non-voting members from
Defense, FDA, Interior and CPSC.
Interagency Regulatory Liaison
Group - members from FDA, OSHA,
EPA and CPSC.
Joint Dept. of the Environment/
National Health and Welfare
Committee on Environmental
Contaminants.
National Science Foundation
Program on Chemical Threats to
Man and the Environment.
United Nations Environment
Programme (UNEP) - International
Registry of Potentially Toxic
Chemicals (IRPTC).
 
Develop and use methodology to identify
and recommend to the Administrator of
the Environmental Protection Agency
those chemical substances and mixtures
which should be tested to determine
their hazards to human health and the
environment.
Coordinate among the member groups -
testing, risk assessment, regulatory
actions, research, information exchange,
public education, epidemiology and com-
pliance.
Identify and evaluate chemical sub-
stances used in Canada which may require
appropriate control legislation.
Support of research relevant to the
prediction, identification, characteri-
zation and control of hazards resulting
from chemical compounds in the environ-
ment. This research complements the
efforts of other agencies by attempting
to apply recent discoveries in the basic
sciences to current problems.
Objectives include: to facilitate access
on a global basis to scientific and
administrative data concerning poten-
tially toxic and other environmentally
significant chemical substances; to
  
   
Organization for Economic
Cooperation and Development (OECD)
European Economic Community
North Atlantic Treaty Organization
(NATO)
American Society for Testing and
Materials, Section E35.2.02
(Membership represents industry,
, government, academic institutions
and consulting firms).
IJC Committee on the Assessment
of Human Health Effects of Great
Lakes Water Quality
 
cooperation in
impact of chemicals on
to provide
secretariat aid for the operation of the
early warning capability being developed
encourage international
determining the
man and the environment;
within relevant sections of the
Programme.
Develop a common approach for extended
control of chemicals in member countries
and harmonization of requirements.
Chemicals Testing Program consists of
six expert groups on: physical chemis-
try; eco-toxicology; degradation-accumu-
lation; long term toxicology; short term
toxicology; and, step-sequence testing.
Develop procedures for systematic review
of new and existing commercial chemi-
cals. Development of a data bank on 5000
compounds produced in large quantities
and liable to have harmful effects on
human beings, animals or the environ-
ment.
Five Special Science Programs are desig-
nated to address: Air-Sea Interaction;
Eco-Sciences; Human Factors; Marine
Sciences, and Systems Sciences. The Eco—
Sciences Programne is directed to
further the knowledge of the ecosystems
and their modifications, and has for
example, sponsored workshops and studies
on: "Eco-toxicology of persistent chemi-
cals“ and "species differences in meta-
bolic actuation of environmental toxi-
cants."
Develop protocols for obtaining informa-
tion needed to predict possible behavior
in the environment of new and expanded-
use chemicals.
Evaluate the potential health effects of
400 compounds identified to be present
in the Great Lakes Basin Ecosystem.
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Great Lakes Basin Commission
Great Lakes Basin Commission
Standing Committee on Research
and Development
Great Lakes Water Quality Board
 
Develop a strategic plan for toxic sub-
stances control for its “Great Lakes
Basin Plan". Part of the effort reviews
U.S. federal and state control policies,
laws and programs.
Sponsor workshops on: toxic substances
modelling; risk perspectives on toxic
substances of concern in the Great Lakes
system; recovery time from toxic sub-
stances pollution in the Great Lakes;
and monitoring of "toxics."
Sponsor workshops to review existing
procedures for evaluating hazardous sub—
stances; review early warning pro-
cedures; and, assessment of data gather-
ing capabilities.
 
*NOTE:
CEQ - Council of Environmental Quality
CPSC - U.S. Consumer Product Safety
Commission
EPA - Environmental Protection Agency
FDA - Food and Drug Administration
NCI - National Cancer Institute
NIEHS - National Institute of
Environmental Health Sciences
NIOSH - National Institute for
Occupational Safety & Health
NSF - National Science Foundation
OSHA - Occupational Safety and Health
Administration
Table 5 shows that several coordinated multi-national and multi-agency
efforts are underway and directed towards the evaluation of chemical
substances.
Notable are the efforts of OECD and UNEP. Reference to such efforts for
application within the Great Lakes Basin appears to be minimal. The Board
recommends that future hazard assessment efforts in the Great Lakes Basin
be carried out in the context of the identified multi-agency and
multi-national efforts described in Table 5.
The related research programs of the participants to the programs outlined
in Table 5 are significant in magnitude. Table 6 illustrates some of the
resources expended for programs by agencies within the U.S. and Canada.
There is an equally large effort at universities, independent research
organizations and not least, private industries. These are not shown in
the table.
-31-
 
Table 6
 
Examples of Ongoing U.S. and Canadian Programs
 
Directed Towards the Evaluation of Chemical Substances
  
Pro
gra
m
Pro
jec
t T
itl
e/S
cop
e
FY
197
8-7
9
($)
Spo
nso
r
Hea
lth
and
Cha
rac
ter
iza
tio
n a
nd
Tes
tin
g
1,2
60,
000
U.S
EPA
Ecological of Water and Hazardous (Extramural)
Effects Program Substances
Water Quality Health Effects 360,000 U.S. EPA
Development of Criteria for (Extramural)
Recreational and Shellfish
Growing Waters
Multi-Route Exposures and 1,923,000 U.S. EPA
Their Effects: Determination (Extramural)
of Health Implication of |
Substances Used as Pesticides
Identification of Adverse 380,000 U.S. EPA
Health Effects Due to (Extramural)
Exposure to Toxic Substances
Freshwater Ecological 2,088,000 U.S. EPA
Processes and Effects (Extramural)
Contaminants Research and monitoring 2,610,000 Environmental
in Inland of wildlife, soil, long Management
Waters range transport, airborne Service—Canada
‘ pollutants, forest spraying
Environmental - 487,000 Great Lakes
Toxicology Biolimnology
Laboratory -
Fisheries and
Oceans Canada
Toxic Substances Health Hazard Evaluation of 978,000 Health and
Environmental Contaminants Welfare Canada
Hazardous Organic - 476,500 Ontario Min.
Substances in the
Environment
   
of Environment
 
Although the list is only a representative sample, the magnitude of the
funds expended indicates the high concern governments have on assessing
the potential effects of man—made chemicals in the environment.
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 The Board intends to continue to review and assess such efforts. Until
such efforts are completed, the Board for now, stresses the need for
continued high priority in such investigations. Furthermore continued
high priority should be given to current development of legislative and
regulatory actions, until there is a better understanding of the effects
of contaminants on the health of the ecosystem including man. The Board
emphasizes these points for two reasons: firstly, we feel that the
dispersal and the subsequent potential effects of toxic substances in the
Great Lakes should remain the highest priority issue for the management of
the Great Lakes. Secondly, we are concerned that the recent economic
conditions in both U.S. and Canada may result in political pressures to
ease concerns, legislation and regulations with regard to the discharge of
potential contaminants.
Toxic Substances and 1978 Agreement
 
The Science Advisory Board has reviewed the Annexes of the 1978 Great
Lakes Water Quality Agreement which pertain to the control of chemical
contaminants. These Annexes are attached (Appendix A) to this report for
ready reference. The opinions and recommendations of the Board as a
result of this review were summarized in a letter to the Commission on
March 27, l979, which reads as follows:
"Proposed Plan for Implementing Annexes 10 and 12 of the 1978 Water
Quality Agreement"
“Perhaps any discussion of how to deal with chemical contaminants in
the Great Lakes should begin by deciding why these are singled out
and what makes them different and need special treatment. Having
identified the answer to these questions, then solutions may be more
obvious."
"One difference that is apparent at the outset is that the chemicals
of most concern are those that are most toxic. "Most toxic“ for
purposes of the Great Lakes must be defined as those for which the
exposure--length of time and concentration present--results in the
greatest potential for adverse effects. Toxicity is only one
characteristic of concern in evaluating the probable exposure:
persistence is equally important "in assessing hazard. Ozone for
example is very toxic but it is much less of a hazard because it
persists only for a few seconds or minutes. Others may exert their
effect indirectly such as the impact of freons on the ozone layer."
"A second difference about the chemicals of concern is that they
constitute a vast number and are chemically and physically very
different. Furthermore, the total number, the chemical-physical
characteristics, the quantity and the sources are poorly known.
Neither is it practical to analyze surveillance samples for all or
even most of these chemicals. Furthermore, there certainly are many
other by-product chemicals associated with the production and use of
chemicals in commerce."
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"Fr
om
the
se
cha
rac
ter
ist
ics
, i
t i
s c
lea
r t
hat
any
pla
n t
o e
ffe
cti
vel
y
control chemicals must:
(l)
con
sid
er
the
tox
ici
ty,
per
sis
ten
ce
and
qua
nti
ty
pro
duc
ed
in
the
Great Lakes Basin Ecosystem;
(2)
con
tai
n a
mec
han
ism
for
sel
ect
ing
tho
se
of
mos
t p
rob
abl
e h
aza
rd;
(3)
con
tai
n a
pri
ori
ty
pla
n f
or
pro
mot
ing
dev
elo
pme
nt
of
nee
ded
dat
a
tha
t a
re
lac
kin
g —
fro
m b
iol
ogi
cal
eff
ect
s t
o c
ont
rol
tec
hno
log
y;
(4)
ide
nti
fy
loc
ale
s
of
mos
t
pro
bab
le
occ
urr
enc
e
if
sur
vei
lla
nce
needs are to be made realistic."
"Ac
cep
tin
g t
hes
e c
har
act
eri
sti
cs
as
imp
ort
ant
, i
t i
s c
lea
r t
hat
(1)
the
list
s c
urr
ent
ly
in
Ann
ex
10
mus
t b
e r
evi
sed
and
(2)
a w
ork
ing
dat
a b
ase
is
nee
ded
to
pro
vid
e c
and
ida
te
che
mic
als
to
the
Par
tie
s f
or
pla
cem
ent
on
the
list
s.
The
se
list
s a
re
muc
h t
oo
rig
id
and
dif
fic
ult
to
cha
nge
to
be
use
d a
s w
ork
ing
list
s,
giv
en
the
mas
siv
e
lack
of
information."
“Fu
rth
er
not
e t
hat
the
mai
n c
har
act
eri
sti
cs
of
pol
lut
ant
s i
den
tif
ied
in A
nnex
12,
are
equa
lly
impo
rtan
t c
hara
cter
isti
cs
in A
nnex
10.
As
an
exa
mpl
e,
cal
ciu
m i
s a
per
sis
ten
t s
ubs
tan
ce
but
was
pro
bab
ly
not
one intended to be considered with special interest under Annex 12.
Cal
ciu
m
is
at
the
oth
er
ext
rem
e
fro
m
ozo
ne
in
tha
t
it
is
undestructable but has a very low toxicity and therefore a low
haza
rd.
In
vie
w o
f t
his,
the
two
Ann
exe
s s
hou
ld
be
tre
ate
d t
oge
the
r."
“The Science Advisory Board suggests the following approach towards
responding to Annexes 10 and 12:
(1)
The
Appe
ndic
es 1
and
2 of
Anne
x 10
shou
ld
be
defi
ned
as
thos
e
chemicals of certain high hazard and suspected high hazard
respectively. A task force of the two Boar 5 should be
appointed to refine the Appendices based on this definition.
(2) A Science Advisory Board Committee should establish a mechanism
to collect, review and synthesize data on chemicals and their
interaction in the Great Lakes Basin Ecosystem and recommend to
the Water Quality Board placement on list 1 or 2.
(3) The Water Quality Board should establish a mechanism to gather
production, transport and discharge data on individual chemicals
in the Basin. This step is critical to success of the entire
program. Both #2 and #3 would require substantial staff support.
(4) The inventory and data base developed by the Science Advisory
Board and the EPA Duluth Laboratory should be used as the
working mechanism for processing the massive amount of data that
will be generated. Further, the Regional Office in Windsor
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 should
be
assigned
the
responsibility
of
maintaining
and
updating
the
base
at
the
direction
of
the
Science
Advisory
Board
Committee
identified
in
#2
above.
(5)
The
Commission
should
be
responsible
to
see
that
proper
enforcement
and
surveillance
is
achieved
by
the
Parties."
"A
concerted
effort
should
be
expended
to
assure
that
all
other
data
bases
are
examined
for
useful
information.
Experience
to
date
suggests
they
may
be
useful
but
not
complete
for
International
Joint
Commission
needs.
Many
are
not
yet
truly
operational.“
"The
above
described
activity
could
well
become
a
large
part
of
our
water
quality
objectives
activity.
Identified
data
deficiencies
will
also
provide
guidance
to
the
Science
Advisory
Board
and
the
International
Joint
Conmission
for
needed
research
to
be
recommended
to governments."
The
Science
Advisory
Board
requests
the
International
Joint
Commission
to
obtain
from
the
Parties
an
immediate
commitment
to
review
the
Board's
recommended
procedure
for
addressing
Annexes
10
and
12
of
the
1978
Water
Quality
Agreement.
Adoption
of
a
procedure
is
urgently
required
due
to
the
vagueness
of
the
Annexes
with
regard
to
the
mechanism
of
their
implementation
and
due
to
the
urgency
of
addressing the toxic substances issue in the Basin.
The Ecosystem Approach and Toxic Substance Control
The
development
of
water
quality
objectives
as
required
by
the
1972
Great
Lakes
Water
Quality
Agreement
was
necessary
due
to
the
immediate
need
to
evaluate
the
potential
environmental
and human
health
impact
of the many
contaminants
being
detected
within
the
Great
Lakes
Basin
Ecosystem.
Remedial
measures were
implemented
in response.
As noted earlier,
a committee of the Research Advisory Board worked with a
subcommittee
of
the
Water
Quality
Board
to
develop
specific
objectives.
The
two
groups
evolved
and
adopted
what
they
considered
to
be
a
scientifically
defensible
framework
for the development
and
refinement of
objectives.
Their proposed
objectives
are
predicated
on
this
framework.
0n
the
basis
of
the
framework
and
the
groups'
activities
the
Board
highlights
two
major
concerns
to
the
Commission:
1)
The
groups
recognized
that
the
objectives
could
not
take
into
account the possible effects of multiple contaminants.
As a result,
they
stated
“adoption
of objectives gees 395 preclude
the need for
studying the aquatic environment and effects of conditions on related
organisms and uses".
They further stated: "Each objective alone should provide protection
from effects of that specific condition.
Within each objective a
safety factor is used which may be very small for some conditions and
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 possible
effects
of
stresses
from
chemical
inputs
(i.e.
toxic
substances,
nutrients)
to
the
Great
Lakes,
but
also
cultural
and
demographic*
stresses.
The
approach
of
the
Committee
is to:
1.
describe
the
aquatic
subsystems
of
the
Great
Lakes
Basin
Ecosystem
in
their
near
pristine
states
according
to
hydrographic
characteristics,
biotic
communities
and
cultural
influences;
2.
define
reasonable
aquatic
ecosystem
objectives
for
the
lakes
given
current
cultural
immutables;
 
3.
identify
major
stressors
on
each
subsystem
that
would
inhibit
achievement
of
the
objective
in
2,
above;
4.
detect the
principal
causes
of the
combined
stresses;
The
Committee
has
solicited
expert
help
to
determine
various
Great
Lakes
ecosystem descriptors which should be monitored to assess the status of
the
Great
Lakes
ecosystem.
As
well
as
the
identity
of
such
descriptors,
the
Committee
will
be
concerned
about
adequate
quantification
and
the
existence of historical data.
The
aquatic
ecosystem
approach
and
the
methodologies
employed
in
the
establishment
of
water
quality
objectives
are closely
interdependent.
The
advantages of undertaking an aquatic ecosystem approach are as follows:
1.
The
aquatic ecosystem
approach will
expand the scope of
concern
by considering community and subsystem levels.
As an example,
phosphorus
is used
currently
as
a descriptor
of
associated
phytoplankton levels in the environment. However, it is also
characteristic of other biotic communities most likely to
inhabit the particular environment - such as fish community
structures.
2. With regard to toxic substances, continual observation of 1
selected ecosystem descriptors will: enable a rapid detection
of synergistic and additive effects; enable an assessment of the i
adequacy of existing objectives; and, identify new chemical 1
contaminants of concern.
3. Surveillance requirements would be better identified.
4. The approach will expand beyond the realm of "chemicals and the
Great Lakes" to include the possible effects of cultural,
socio-economic and technological changes. Thus human activities
*ihe Board's 1978 Special Report: "The Ecosystem Approach" uses the term
"demophOric" to "express the combined biological and technological metabolism
of MAN in consumption of resources and production of wastes."
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at
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ra
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In
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1,
th
e
Ma
n
and
Bi
os
ph
er
e
Pr
og
ra
m
(MA
B),
wh
ic
h
was
sp
on
so
re
d
by
UN
ES
CO
,
was
fo
rm
ed
wi
th
th
e
ob
je
ct
iv
e
"to
de
ve
lo
p
the
ba
si
s
wi
th
in
th
e
nat
ura
l
and
soc
ial
sc
ie
nc
es
fo
r
th
e
ra
ti
on
al
us
e
an
d
co
ns
er
va
ti
on
of
re
so
ur
ce
s
of
th
e
bi
os
ph
er
e
an
d
for
the
imp
rov
eme
nt
of
the
glo
bal
rel
ati
ons
hip
bet
wee
n
man
and
the
en
vi
ro
nm
en
t.
"
Th
e
sc
ie
nt
if
ic
ap
pr
oa
ch
of
the
MA
B
Pr
og
ra
mm
e
can
be
cat
ego
riz
ed
as
inc
lud
ing
maj
or
com
pon
ent
s
on
the
ana
lys
is
of
eco
log
ica
l
sys
te
ms
,
re
ci
pr
oc
al
st
ud
ie
s
of
ma
n-
en
vi
ro
nm
en
t
imp
act
s,
in
te
gr
at
io
n
of
inf
orm
ati
on
ove
r
var
iou
s
spa
tia
l
lev
els
,
and
inc
lus
ion
of
mod
ell
ing
te
ch
ni
qu
es
to
al
lo
w
qu
an
ti
ta
ti
ve
pr
ed
ic
ti
on
s.
Briefly, the programme is intended to:
(i)
id
en
ti
fy
and
as
se
ss
ch
an
ge
s
in
ec
ol
og
ic
al
sy
st
em
s;
(ii
) e
xam
ine
the
str
uct
ure
,
fun
cti
oni
ng,
and
dyn
ami
cs
of
eco
sys
tem
s;
(ii
i)
st
ud
y
th
e
in
te
rr
el
at
io
ns
be
tw
ee
n
ec
os
ys
te
ms
and
so
ci
o-
ec
on
om
ic
processes;
(iv
)
dev
elo
p
mea
ns
for
mea
sur
ing
env
iro
nme
nta
l
cha
nge
s;
(v)
inc
rea
se
glo
bal
coh
ere
nce
of
env
iro
nme
nta
l r
ese
arc
h;
(vi
)
pro
mot
e
sim
ula
tio
n
and
mod
ell
ing
as
too
ls
for
env
iro
nme
nta
l
management; and,
(vii) promote environmental education.
The
obj
ect
ive
s a
re
to
be
int
erp
ret
ed
in
the
con
tex
t o
f m
an,
the
bio
sph
ere
,
and
the
rec
ipr
oca
l
int
era
cti
ons
of
one
upo
n
the
oth
er.
In
add
iti
on,
int
egr
ate
d
bio
log
ica
l
and
che
mic
al
ass
ess
men
ts
are
par
tic
ula
rly
pre
val
ent
in
man
y
Eur
ope
an
cou
ntr
ies
and
uti
liz
ed
wit
hin
an
ecosystem concept.
The
act
ivi
tie
s
des
cri
bed
abo
ve
sho
w
the
vas
t
exp
ans
ion
of
the
Boa
rd'
s
sco
pe
of
con
cer
n
in
add
res
sin
g
the
"to
xic
sub
sta
nce
“
issu
e.
The
act
ivi
tie
s
of
the
Aqu
ati
c
Eco
sys
tem
Obj
ect
ive
s
Com
mit
tee
,
the
Wat
er
Qua
lit
y B
oar
d's
Obj
ect
ive
Ass
ess
men
t S
ubc
omm
itt
ee,
the
Com
mit
tee
on
the
Ass
ess
men
t
of
Hea
lth
Eff
ect
s
of
Gre
at
Lak
es
Wat
er
Qua
lit
y
and
the
SAB
pilo
t e
ffor
t o
n p
redi
ctiv
e c
apab
ilit
ies
are
cert
ainl
y c
ompo
nent
s o
f a
n
eco
sys
tem
app
roa
ch.
Oth
er
com
pon
ent
s
wil
l
hav
e
to
be
add
res
sed
in
the
near
futu
re
- s
uch
as
the
inte
rrel
atio
nshi
ps
betw
een
ecos
yste
ms
and
socio-economic processes.
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 C. Socio—Economic Futures
Workshop on Anticipatory Planning
As mentioned in the introduction, the concerns of the 1972 and 1978 Great
Lakes Water Quality Agreements have addressed chemical stresses on the
Great Lakes ecosystem. However, additional stresses are possible from
other human activities. For example, changes in cultural patterns affect
land and biological resources in addition to water resources.
In March 1979, the Board's Expert Committee on Societal Aspects sponsored
a workshop which attempted to identify problems which may emerge within
the Great Lakes Basin in the short and long term as a result of future
trends in: urban growth; land use (natural resources); local and regional
planning; transportation; energy; investment and finance; Great Lakes u
regi
on
comp
aris
on
to
othe
r a
reas
of
Cana
da
and
the
Unit
ed
Stat
es;
and,
ﬂ
technological and social change. Experts in each of these areas were ‘
invi
ted
to
docu
ment
and
disc
uss,
for
exam
ple,
pred
icte
d
ener
gy
requirements in the Great Lakes areas within the next 5-10 years and
possible technologies which will be used to meet these requirements.
_Urban planners discussed predicted population trends in the Great Lakes l
Basi
n a
nd
poss
ible
impa
ct
of
urba
n g
rowt
h o
n n
eigh
bori
ng
agri
cult
ural
lands. Investment and finance groups considered which social and economic
activities, in the next 5 to 10 years, may impact development within the 'l
Great
Lakes
Basin
.
‘
The workshop deliberations, when synthesized later this year, may provide
greater insights relevant to the present and future effects of man in the
Grea
t L
akes
.
This
info
rmat
ion
will
enab
le
gove
rnme
nts
to u
nder
take
long
range programs to address emerging problems. Furthermore, the workshop
iden
tifi
ed s
ome
of t
he m
ajor
Grea
t La
kes
info
rmat
ion
and
plan
ning
enti
ties
in t
he p
riva
te
and
publ
ic s
ecto
rs w
hich
will
have
a ma
jor
bear
ing
on t
he
Eut
ure
cha
rac
ter
ist
ics
of
the
wat
er
and
land
res
our
ces
of
the
Gre
at
Lak
es
a51n.
Environmental Mapping
Env
iro
nme
nta
l
map
pin
g i
s
one
too
l
whi
ch
may
aid
fut
ure
man
age
men
t e
ffo
rts
in
the
Gre
at
Lak
es
Basi
n.
In
its
1978
rep
ort
to
the
Com
mis
sio
n,
the
Boa
rd
not
ed
tha
t
we
had
for
med
a
tas
k
for
ce
to
eva
lua
te
the
pot
ent
ial
for
env
iro
nme
nta
l
map
pin
g
of
the
Gre
at
Lak
es.
The
tas
k
for
ce
com
ple
ted
its
del
ibe
rat
ion
s a
nd
its
fin
al
rep
ort
is
app
end
ed
to
thi
s r
epo
rt
(Ap
pen
dix
B).
Env
iro
nme
nta
l
map
pin
g
as
def
ine
d
in
the
tas
k
for
ce
rep
ort
,
is
a
vis
ual
dis
pla
y
of
dat
a
whe
re
inf
orm
ati
on
is
org
ani
zed
in
var
iou
s f
orm
s
suc
h
as
map
s,
fig
ure
s,
tab
les
and
text
.
The
task
for
ce
ind
ica
ted
tha
t s
uch
visu
al
dis
pla
y
of
dat
a
can
con
tri
but
e
to
the
goa
ls
and
obj
ect
ive
s
of
the
197
8
Great Lakes Water Quality Agreement, because:
 
 Within the context of the Agreement and its
It is a means by which regional perspectives are provided as a
context for local decision-making.
It is a means by which data and information derived from diverse
sources and disciplines can be synthesized into a suitable
format.
It provides an opportunity for the historical perspective to
highlight areas of special concern requiring attention or to
demonstrate achievements in ecosystem improvement.
It provides a mechanism for the
problems, gaps in available data,
information.
identification of ecosystem
or weaknesses in existing
It serves to coordinate and about the
problems of a complex ecosystem.
reorganize thinking
relationship to public
information, resource management, and planning, the task force stated that
suitable goals for an environmental mapping activity are to address issues
of concern and to provide information:
1.
to improve understanding of the Great Lakes ecosystem and the
dynamic interrelationships involved among the biological,
chemical, physical, and societal components of the environment;
and,
to assist in Great Lakes planning and management decisions that
affect the Great Lakes ecosystem.
With these goals in mind, environmental mapping objectives are:
1.
2.
to synthesize and display knowledge of the Great Lakes ecosystem;
to provide perspective on societal activities
ecosystem quality;
stressing
to aid decision makers and an informed public to reach
complementary decisions and to implement programs to achieve
mutually agreeable management objectives under the Water Quality
Agreement;
to deal with issues affecting the Great Lakes ecosystem
including past to present trends and potential future problems;
and
to improve understanding of the Great Lakes ecosystem in order
to develop a broader base of support for the actions required to
achieve the goals.
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Due
to d
iffe
ring
perc
epti
ons
of e
nvir
onme
ntal
mapp
ing
and
diff
erin
g a
genc
y
missions and policies, consensus was not reached on the single most
appr
opri
ate
and
usef
ul
topi
c f
or e
nvir
onme
ntal
mapp
ing.
Ther
efor
e,
thre
e
candidates were offered: toxic contaminants, eutrophication or
rehabilitation.
Foll
owin
g a
revi
ew
of
the
task
forc
e r
epor
t a
nd
the
task
forc
e's
recommendations, the Science Advisory Board accepted the report, and (1)
agre
ed
in p
rinc
iple
that
envi
ronm
enta
l ma
ppin
g is
a po
werf
ul
tool
of g
reat
pote
ntia
l u
se
to
the
IJC
and
all
thos
e p
arti
cipa
ting
with
in
the
Wate
r
Qual
ity
Agre
emen
t;
and
(2)
ackn
owle
dged
stro
ng d
iffe
renc
es
of
opin
ion
on
several aspects of environmental mapping. The Science Advisory Board
itse
lf
is
not
unan
imou
s o
n t
he
appr
oach
and
the
topi
c f
or
an
init
ial
mapp
ing
effo
rt.
This
agai
n
is
due
to
diff
erin
g
perc
epti
ons
of
env
iro
nme
nta
l m
app
ing
.
In
rea
lit
y a
n u
nan
imo
us
con
sen
sus
on
env
iro
nme
nta
l
mapping in the Great Lakes does not seem possible.
The
Com
mis
sio
n
in
its
197
7
rep
ort
to
Gov
ern
men
ts,
upo
n
rec
omm
end
ati
on
by
the
Res
ear
ch
Adv
iso
ry
Boa
rd,
end
ors
ed
"th
e
con
cep
t
of
env
iro
nme
nta
l
map
pin
g f
or
the
Gre
at
Lak
es,
“ a
nd
enc
our
age
d “
the
Par
tie
s t
o t
he
Agr
eem
ent
to
ini
tia
te
an
exp
eri
men
tal
int
ern
ati
ona
l p
roj
ect
to
map
a s
ub-
are
a o
f t
he
Gre
at
Lak
es
in
ord
er
to
det
erm
ine
the
cos
ts,
ben
efi
ts,
pot
ent
ial
s
and
problems of such a mapping program.“
The
Can
adi
an
gov
ern
men
t
res
pon
se
to
the
Com
mis
sio
n's
rep
ort
ack
now
led
ged
“th
e
Com
mis
sio
n's
end
ors
eme
nt
of
the
con
cep
t
of
env
iro
nme
nta
l
map
pin
g"
and
sta
ted
Can
ada
"wi
ll
con
sid
er
the
rec
omm
end
ati
ons
for
ini
tia
tio
n
of
an
exp
eri
men
tal
int
ern
ati
ona
l p
roj
ect
to
map
a s
ub-
are
a o
f t
he
Gre
at
Lak
es.
"
Th
e
Bo
ar
d
is
aw
ar
e
th
at
se
ve
ra
l
Gr
ea
t
La
ke
s
Ba
si
n
ag
en
ci
es
ar
e
in
te
re
st
ed
in
en
vi
ro
nm
en
ta
l
ma
pp
in
g
an
d
so
me
do
ha
ve
fu
nd
in
g
fo
r
su
ch
ef
fo
rt
s.
Th
e
ma
jo
ri
ty
of
th
e
Bo
ar
d
me
mb
er
s
ar
e
co
nv
in
ce
d
th
at
an
en
vi
ro
nm
en
ta
l
ma
pp
in
g
ac
ti
vi
ty
mu
st
be
in
it
ia
te
d
wi
th
in
th
e
Ba
si
n
to
il
lu
st
ra
te
th
e
po
te
nt
ia
l
us
es
of
ma
pp
in
g.
Th
er
ef
or
e
th
e
SA
B
re
co
mm
en
ds
th
at
th
e
IJ
C:
Re
qu
es
t
th
e
Pa
rt
ie
s
to
id
en
ti
fy
Un
it
ed
St
at
es
an
d
Ca
na
di
an
in
st
it
ut
io
ns
wi
th
in
te
re
st
s
in
en
vi
ro
nm
en
ta
l
ma
pp
in
g
an
d
to
id
en
ti
fy
ag
en
ci
es
wi
th
re
so
ur
ce
s
wh
ic
h
ca
n
be
al
lo
ca
te
d
to
an
in
it
ia
l
ef
fo
rt
.
Co
nt
in
ge
nt
up
on
ad
eq
ua
te
ag
en
cy
su
pp
or
t
th
e
Co
mm
is
si
on
es
ta
bl
is
h
a
ta
sk
fo
rc
e
to
co
or
di
na
te
an
d
as
su
re
im
pl
em
en
ta
ti
on
.
To
pi
cs
re
co
mm
en
de
d
fo
r
co
ns
id
er
at
io
n
ar
e:
to
xi
c
co
nt
am
in
an
ts
,
eu
tr
op
hi
ca
ti
on
an
d
re
ha
bi
li
ta
ti
on
.
Great Lakes Eutrophication
In
th
e
Bo
ar
d'
s
19
78
re
po
rt
,
a
nu
mb
er
of
co
mm
it
te
e
an
d
ta
sk
fo
rc
e
ac
ti
vi
ti
es
we
re
de
sc
ri
be
d
wh
ic
h
ad
dr
es
se
d
th
e
eu
tr
op
hi
ca
ti
on
is
su
e
wi
th
in
th
e
Gr
ea
t
La
ke
s.
Al
so
,
ba
ck
gr
ou
nd
wa
s
pr
ov
id
ed
on
th
e
es
ta
bl
is
hm
en
t
of
a
Sc
ie
nc
e
Ad
vi
so
ry
Bo
ar
d
Ta
sk
Fo
rc
e
on
Ph
os
ph
or
us
Ma
na
ge
me
nt
St
ra
te
gi
es
which would:
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 1. "Review and evaluate the adequacy of existing data, knowledge
and technology pertinent to the development of alternative
phosphorus management strategies. Items of concern to include:
costs associated with nonpoint and point source control; costs
associated with reduction of phosphorus content in detergents;
phosphorus loadings characterization, etc.
2. Evaluate the potential ecological, economic and health related
impacts of alternative management strategies, giving the
strengths and weaknesses of each for consideration by
policy-makers. ‘
3. Test the appropriateness of such strategies against alternative
environmental futures (adverseeconomics, energy constraints,
etc.).
4. Identify specific subject areas where additional information is
needed."
Furthermore the 1978 Annual Report stated that:
"The approved task force besides serving a timely and extremely important
function under the Great Lakes Water Quality Agreement, also will launch
the anticipated prime future functions of the Research Advisory Board
which are to focus on the implications of long-term trends of human
activities
in
the Great
Lakes
Basin,
and
subsequently
focus
on
preventative measures which can be taken "here and now" to assure
ecosystem quality in the Great Lakes.
The mechanics of this anticipated
function would be through the use of staged scenarios to illustrate
available management options. The scenarios would, for example:
0 foresee necessary institutional arrangements;
0 illustrate general patterns of events which may result;
0 be a basis for general strategy development for governments for
future legislation, programs, etc.; and
0 define fall-back positions which may result from emergencies.
The Task Force on Phosphorus Management Strategies will be considered as a
first phase of a "nutrient scenario" for the Great Lakes Basin Ecosystem."
During 1978-79, the Phosphorus Management Strategies Task Force actively
pursued its terms of reference.
Two other task forces and one of the Board's
Expert Committees are addressing components of the phosphorus-eutrophication
issue.
 
Task Force on Phosphorus Management Strategies
 
Among the activities undertaken by
thetask force during 1978-79 were:
-
evaluation of models used to derive the proposed target loads to
the Great Lakes presented in the 1978 Great Lakes Water Quality
Agreement;
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— assessment of "present" (1976) phosphorus load estimates of:
The Pollution from Land Use Activities Reference Group; Task
Group III (a bilateral working group consisting of United States
and Canadian scientists given the responsibility of deriving
phosphorus loading objectives for the 1978 Great Lakes Water
Quality Agreement); and, the Water Quality Board, all of whom
had different estimates (this activity was undertaken because
the 1976 phosphorus loads were used as a reference value to
derive the loading objectives);
- formulation and evaluation of phosphorus control technologies
and their associated costs; and,
- evaluation of cost/effectiveness of phosphorus control measures
from a socio-economic perspective (as contrasted with the
traditional limnological and/or engineering evaluation);
The task force revised and expanded its terms of reference to give
consideration to concerns raised by the Water Quality Board. Several
items were added to the terms of reference including: (a) review of the
availability and practicality of phosphorus control technology and
associated costs of control of point and nonpoint phosphorus sources; (b)
consideration of the biological availability of phosphorus in formulation
of
alte
rnat
ive
mana
geme
nt
stra
tegi
es.
Foll
owin
g d
elib
erat
ions
with
the
Water Quality Board, the Science Advisory Board and the task force agreed
to a
dd f
our
new
memb
ers
desi
gnat
ed b
y th
e Wa
ter
Qual
ity
Boar
d.
In e
ffec
t,
the task force is now being considered as a joint effort of both Boards.
The
task
forc
e,
thr
oug
h
the
Int
ern
ati
ona
l
Joi
nt
Com
mis
sio
n,
joi
ntl
y
spon
sore
d
a
thre
e-da
y
conf
eren
ce
with
Corn
ell
Univ
ersi
ty
enti
tled
"Pho
spho
rus
Mana
geme
nt
Stra
tegi
es
for
the
Grea
t L
akes
."
The
purp
ose
of
thi
s c
onf
ere
nce
was
to
pro
vid
e a
"st
ate
of
the
art"
sum
mar
y c
onc
ern
ing
alt
ern
ati
ve
str
ate
gie
s,
and
rel
ate
d c
omp
one
nts
, t
hat
sho
uld
be
con
sid
ere
d
for
con
tro
l
of
pho
sph
oru
s
in
the
Gre
at
Lake
s
Basi
n.
The
mat
eri
als
pre
sen
ted
at
this
con
fer
enc
e,
whi
ch
had
mor
e
than
200
att
end
ees
,
inc
lud
ed:
(a)
non
poi
nt
pho
sph
oru
s s
our
ces
in
the
Gre
at
Lak
es
Bas
in;
(b)
a
sum
mar
y a
nd
dis
cus
sio
n
con
cer
nin
g
the
pho
sph
oru
s m
ath
ema
tic
al
mod
els
use
d
to
for
mul
ate
the
197
8
Gre
at
Lak
es
Wat
er
Qua
lit
y
Agr
eem
ent
loa
din
g
obj
ect
ive
s;
(c)
a r
evi
ew
of
cur
ren
t p
hos
pho
rus
con
tro
l o
bje
cti
ves
and
the
rati
onal
e
unde
rlyi
ng
the
prop
osed
phos
phor
us
targ
et
load
s;
(d)
ide
nti
fic
ati
on
of
cur
ren
t
pho
sph
oru
s
man
age
men
t
str
ate
gie
s
and
dis
cus
sio
n
of
how
wel
l
the
y
are
wor
kin
g;
(e)
dis
cus
sio
n
of
oth
er
str
ate
gie
s
tha
t
sho
uld
be
con
sid
ere
d;
and
(f)
dis
cus
sio
n
of
tec
hni
cal
,
eco
nom
ic
and
institutional aspects of possible control strategies.
The
fin
al
rep
ort
of
the
tas
k
for
ce
is
to
be
com
ple
ted
by
Jan
uar
y
198
0.
It
is
ant
ici
pat
ed
the
rep
ort
wil
l
con
tai
n
fiv
e m
ajo
r c
hap
ter
s
on:
(i)
ev
al
ua
ti
on
of
ph
os
ph
or
us
inp
uts
to
_th
e
Gr
ea
t
La
ke
s
(p
oi
nt
and
no
np
oi
nt
so
ur
ce
s
and
bi
ol
og
ic
al
ava
il
ab
il
it
y);
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(ii) impact of phosphorus loads on phosphorus and algae levels in the
Great Lakes (evaluation of models; verification of predictive
capability of models; past phosphorus controls and responses of lakes
to these controls).
(iii) phosphorus target loads (rationale and development);
(iv) costs and technologies of phosphorus controls (point and nonpoint
control options; types of treatment - chemical, biological, land
disposal, etc; detergent phosphate substitutes; and sludge
generation); ‘
(v) strategies and recommendations (optional management strategies to
achieve objectives by use of various cost/effectiveness and
socio-economic evaluations of phosphorus control).
All identified areas of concern are receiving thorough review by the task
force. For example, in the review of available technological solutions,
the task force will consider: physical processes (membrane processes);
biological processes (luxury uptake, phostrip, Bardenpho); chemical
processes (lime, metal salts, etc.); biological plant operations (fixed
film and activated sludge processes, aerated lagoons and waste
stabilization ponds); and effluent application to land.
Expert Committee on Engineering and Technological Aspects
This committee played a prime role in the initiation of the Task Force on
Phosphorus Management Strategies. It has subsequently maintainedan
active role in the review of various topics of interest to the task force
particularly: (i) biological availability of phosphorus; (ii)
technological and economic assessment of two existing wastewater treatment
systems; (iii) sludge disposal; and (iv) reliability of municipal
wastewater treatment plants for phosphorus removal. Also the Expert
Comnittee visited with federal research granting agencies to discuss
current and future related research funding levels.
(i) In December 1978, a subcommittee of the Expert Committee met
with several experts to discuss: available techniques to
determine short and long-term availability of phosphorus;
existing sources of phosphorus inputs to the Great Lakes and
their relative inputs of available phosphorus; and, high
priority information and research needs which require immediate
action. It is expected that a report on this review will be
available in late 1979.
(ii) The Expert Committee obtained operating performance data from
two "advanced" wastewater treatment plants: the TahoeeTruckee
Sanitation Agency Advanced Wastewater Treatment Plant and the
South Tahoe Water Reclamation System. The former has stringent
discharge standards with the maximum average constituent limits:
COD, 15 mg/L; suspended solids, 2 mg/L; total nitrogen, 2 mg/L;
and total phosphorus, 0.15 mg/L.
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(iii)
The intent of the Committee is to assess phosphorus and nitrogen
removal efforts at the plants and the long term reliability of
the efforts. Sludge quantities, handling and disposal, as well
as economics of operation and energy requirements are to be
especially considered.
In spring of 1979, one year of operating data from the
Tahoe-Truckee plant will be available, and the Committee will
carefully evaluate the operations to enable more meaningful
comparisons with other technologies such as land disposal.
The Committee by direct contact with Canadian and U.S. federal
env
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h f
und
ing
age
nci
es
rev
iew
ed
the
ade
qua
cy
of
funds allocated for sludge disposal research. For example, in
Washington, D.C., several programs were described to the
comnittee including: The National Science Foundation
"proof-of-concept" sludge management program ($3 million,
FY/74-FY/78); EPA Municipal Nastewater Research Program — sludge
management ($3.8 million FY 78/79); and the Greater Chicago
Metropolitan Sanitary District sludge disposal research program
($2 million per year).
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Redirect research emphasis from new process development to
operations and maintenance considerations of existing technology.
It is obvious that many segments of our society have a
contribution to make with regard to improved operation and
maintenance of wastewater treatment facilities. EPA has for
example: (1) accelerated its enforcement activities against
major municipal treatment facilities which are not in compliance
with discharge permits. (2) changed the emphasis of its
Operations and Maintenance Research Program at the Municipal
Environmental Research Laboratory to address design and
operational deficiencies of existing technology related to 0&M
problems, and (3) is seriously considering making independent
review of facility designs for operational, maintenance and
reliability considerations mandatory for construction and grant
funding. These latter two actions are directly supportive of
preferred solutions identified by the workshop attendees.
In the Province of Ontario, 0&M does not appear to be a major
research concern. High priority is currently given to
information exchange and development of uniform sampling and
monitoring programs to assure appropriate performance
evaluations. It was further noted that the Ontario Ministry of
the Environment which has been directly responsible for the 0&M
of many Ontario municipal wastewater treatment plants, is slowly
transferring this responsibility back to municipalities. The
possible effects of this transfer is not known, particularly in
the case of municipalities with "tight" resources.
As~ noted previously, the Expert Committee on Engineering and
Technological Aspects discussed research programs and funding
levels with representatives of U.S. EPA, National Science
Foundation, Canada Department of Environment and the Ontario
Ministry of the Environment. The topics of discussion were
Great Lakes water quality issues as identified in the PLUARG
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Science Advisory Board Views on Land Application of Municipal Nastewaters
The Board is aware that land application of municipal wastewater, in
particular the rapid infiltration and slow-rate crop—irrigated
alternatives may have high phosphorus removal capabilities. Evaluation of
land treatment and facilities planning has been mandatory under PL—92—500
since July 1, 1974. The EPA Construction Grants Regulations as published
in the Federal Re ister, Volume 39, Number 29, February 11, 1974, provided
for coverage of land application techniques in facility planning.
PL-95-217 re-emphasizes the use of innovative alternative systems
including land treatment with many tangible incentives including (1) the
"115%" cost preference, (2) 85% Federal Grants with the specific set
asides, (3) the eligibility of land for storage as well as treatment
functions, and (4) 100% grants for modification or replacement if a
project fails to meet design criteria.
Use of the technique will require assessment of soil and groundwater
characteristics, climate, agricultural opportunities as well as present
and anticipated land use patterns.
Further review is underway within the IJC framework. The Task Force on
Phosphorus Management Strategies is evaluating various techniques for
phosphorus removal including land application. The Water Quality Board is
also assessing the technique. If additional information is required, the
SAB will direct its Expert Committee on Engineering and Technological
Aspects to provide its expertise and assessment.
Task Force on the Health Effects of Non—NTA Detergent Builders
Efforts are well underway to evaluate the potential health effects of the
following detergent builders: citrates; carboxymethyl-oxysuccinate
(CMOS); Builder "M"; phosphates; carbonates; silicates; zeolites; and
borax. The information under consideration includes assessment of:
potential environmental levels; acute toxicity (skin, eye, L050,
sensitization); subchronic toxicity (28-30 day general toxicity with later
study of metabolism and pharmokinetics); chronic toxicity (6 months - 2
years) carcinogenicity; mutagenicity; and teratogenicity.
The results of the evaluation will be published in a report of the Science
Advisory Board by 1980. This report will complement an earlier report of
EhelBoard on the health implications of the use of NTA as a detergent
ui der.
Task Force on the Ecological Effects of Non-Phosphate Detergent Builders
Recently this task force published a report which assessed the ecological
effects which may be associated with the widespread use of NTA as a
detergent builder. This report and the report of the task force to
evaluate the health implications of NTA are currently under review by the
U.S. EPA Office of Toxic Substances, which was requested in 1978 to
provide an opinion on the use of NTA as a detergent builder.
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The task force is evaluating potential environmental effects from the use
of
other
detergent
builders
including:
citrates,
carboxymethyl-
oxysuccinate (CMOS), carboxymethyltartronate (Builder "M"), carbonates,
silicates and aluminosilicates (zeolites).
A final report by the task
force is expected in 1979.
By means of the above review, it can be seen that significant resources
are being placed by the Science Advisory Board, its committees and task
forces to help address the issue of Great Lakes eutrophication. The
Board's current efforts on this issue will be integrated within the
findings of the Task Force on Phosphorus Management Strategies.
@CONCLUSIONS
A broader approach to address Great Lakes issues has been undertaken by
the Board for identification of problems and information needs within the
Great Lakes Basin. By taking this approach, the Board has thus far shown
that: 4
- acid precipitation, although not directly affecting the pH of the
Great Lakes open waters, will affect the Great Lakes Basin Ecosystem
by various pathways.
- the Great Lakes Basin is being impacted by air emissions from sources
outside the Basin, and emissions within the Basin are being exported
to ecosystems outside of the Basin. As a result, legislative and
socio-economic concerns will have to be broadened.
- the effects of toxic substances and long range transport of air
emissions are of global concern, and the issues are being addressed
by several multi-national and multi-agency groups throughout the
world. Liaison of the Great Lakes efforts with the efforts of such
groups needs to be strengthened.
- the development of common objectives for the Great Lakes system,
requires that the Parties articulate specific goals and desired uses
of the Great Lakes so that more direct efforts can be formulated to
reach these expectations.
- it is necessary to expand the Great Lakes concerns from "the effects
of chemicals in the Great Lakes" to the effects of man's many
activities which include changes in land-use patterns, shoreline
development and cultural practices.
@BOARD OPERATIONS
Under the Great Lakes Water Quality Agreement .of 1978, the Science
Advisory' Board is an advisor to the International J01nt CommiSSion and the
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 Commission's Great Lakes Water Quality Board. The Science Advisory Board is
responsible for developing recommendations on research and developing
statements on the state of scientific knowledge pertinent to the
identification, evaluation, and resolution of current and anticipated water
quality problems on Great Lakes.
To meet its responsibility as the scientific advisor to the Commission and
the Water Quality Board on matters relating to Great Lakes water quality, the
Board draws upon the knowledge of its members who are experts in scientific,
engineering and societal fields from governmental, industrial, university, and
private sectors. Further, the Board appoints committees and task forces, from
time to time, and holds workshops and conferences to assist in developing
information and to provide scientific advice.
The committees have contributed greatly toward the Board's perception of
issues which pertain to the Great Lakes ecosystem and the task forces have
developed essential information and reports over this past year.
COMMITTEES
The Board has three Expert Committees to provide continuing independent
advice and synthesis of scientific opinion on new and continuing Great Lakes
programs. These three committees also identify oversights, weaknesses, and
opportunities in Great Lakes research activities in Canada and the United
States. Two other committees deal with more specific issues. The following
is a summary of the scope and activities of each of the committees since July,
1978.
Expert Committee on Engineering and Technological Aspects of Great Lakes
Water Quality
This committee's scope of activities encompass in part the technological
procedures and treatment of the effects of man's activities undertaken either
prior to or after entry into receiving waters. The committee includes members
with expertise on industrial waste treatment, municipal waste treatment,
agriculture, land use, and hazardous materials.
The recommendation by the committee that a phosphorus management strategy
task force be formed was accepted and that task force has been formed.
The committee reviewed the previous Water Quality Board and PLUARG reports
to identify existing Great Lakes engineering and technological issues. The
identified issues were: operation and maintenance of municipal wastewater
treatment plants; disposal of municipal sludges; disinfection; toxic surveys
of treated wastewaters; control of urban runoff; pre-treatment of industrial
wastes prior to discharge into municipal systems; management of hazardous
waste disposal; disposal of industrial sludges; effluent limitations and
effects on water quality; modelling; mixing zones; bioavailability; control of
international air pollution; and, cooling water intake design.
The committee has recently met with key officials of the U.S.
Environmental Protection Agency, U.S. National Science F0undation, Ontario
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Ministry of the Environment, and Environment Canada to determine the extent of
research activities addressing the identified water quality issues.
The committee formed a subcommittee which met with several experts to
discuss the current knowledge on the measurement and assessment techniques for
determining biologically available forms of phosphorus and sources, and their
relative input to lakes.
The following additional topics are being addressed: operation and
maintenance of municipal wastewater treatment plants; modelling; disinfection;
mixing zones; and, evaluation of costs, energy requirements, sludge production
and reliability of advanced wastewater treatment plants.
Expert Committee on Ecological and Geochemical Aspects of Great Lakes
Water Quality
This committee's area of responsibility includes those issues relating to
ecological and geochemical effects of man's activities.
The major activity of this committee during the past year has been to
research the effects of acid rain and to acquaint the Board with information
on the subject. The Board, in its discussion on acid rain within this report,
has incorporated many of the findings supplied by the committee.
Expert Committee on Societal Aspects of Great Lakes Water Quality
The jurisdictional, political, institutional, legal, educational and other
non-physical measures influencing the effects of man's activities on receiving
waters are considered by this committee.
The committee includes expertise
representative of economics, energy issues, planning, citizen/public interest,
political science, human behavior, legal aspects, and regulatory activities.
The Expert Committee recomnended that the Board sponsor a workshop on
anticipatory planning. The Board and Commission approved in principle the
workshop which was held in early March of this year. Its goals were to:
- discern key Great Lakes planning entities in the private and public
sectors with whom the Commission should be in contact;
- develop a mechanism to interface these entities with the
International Joint Comnission; and
- identify and define major Great Lakes problems not being adequately
addressed and likely problems emerging within the next five to ten
years.
Proceedings of the workshop will be published shortly.
The committee is currently engaging in an analysis of the Water Quality
Agreement of 1978. Presently the efforts are directed toward those portions
of the Agreement which have specific relationship to and impact on the
activities that are to be instituted from recommendations set forth by the
Pollution from Land Use Reference Group Report to the International Joint
Comnission.
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Aquatic Ecosystem Objectives Committee
 
To better effect the deliberative process in developing objectives for the
Grea
t L
akes
, t
he W
ater
Qual
ity
Boar
d's
Wate
r Q
uali
ty
Obje
ctiv
es
Subc
ommi
ttee
and the Science Advisory Board's Scientific Basis for Water Quality Criteria
Task
Forc
e w
ere
disb
ande
d a
nd
repl
aced
by
two
new
grou
ps,
the
Aqua
tic
Ecosystem Objectives Committee (AEOC) and the Objectives Assessment
Subcommitte (OAS). The Aquatic Ecosystem Objectives Comnittee is charged to:
- Develop aquatic ecosystem objectives. Where feasible, these should
be in the form of use-effect curves, for various uses, and always
including the most sensitive use.
- Regularly review objectives and recommend their amendment or the
introduction of new objectives based upon all available criteria.
- Establish task forces to develop position papers on which to base the
development of new or altered objectives. '
- Set general guidelines under which the objectives will be developed
and define some minimum levels of scientific information at which an
objective can be defined.
- Assist the Objective Assessment Subcommittee (OAS) of the NOB in its
development of supporting documents for the economic, social, and
regulatory assessment of proposed objectives.
- AEOC and the OAS will jointly develop an approach for the selection
and ordering of parameters to be addressed.
— Identify gaps in the knowledge needed to develop objectives and
recompend the research required to fill the gaps.
Since its formation, the committee has undertaken the following tasks:
0 development of methodology to define aquatic ecosystem
objectives;
0 re-evaluation of the objectives for mercury and lead within an
ecosystem approach; .
o assembly of current research information on dioxin and
pentachlorophenol for consideration of possible objectives.
Also AEOC is reviewing an oxygen objective that was recommended to the
Board by a special review committee as an alternative to an objective for
oxygen developed previously.
Joint Science Advisory Board/Water Quality Board Committee on the
Assessment of Human Health Effects of Great Lakes Water Quality
This joint committee of the two Boards was formed in early 1978. Its
activities include:
- assessment of health risks posed by contaminants in the Great Lakes;
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review of action levels and guidelines for selected substances;
- interpretation and consultation on health matters; and
—
maintaining
an
awareness
of
current
advances
in knowledge
regarding
health effects of water constituents.
Two of the major activities undertaken by this committee in the past year
include the evaluation of lead in the environment and the evaluation of the
400 organic compounds identified in the 1978 report entitled "Status Report on
Organic
and Heavy
Metal
Contaminants
in the
Lakes
Erie,
Michigan,
Huron
and
Superior
Basins".
A swnnary of 'findings is included in this year's Water
Quality Board Report as Appendix G.
TASK FORCES
The
Board
establishes
task
forces
to deal
with
specific
issues
which
require
intensive
interdisciplinary
investigations.
Such
task
forces
gather
and examine information on the specific issues and recommend a course of
action,
a policy,
or an
investigative
direction
necessary
in order
to reach
a
solution.
The task forces may be established as a result of discussions
within
the Science
Advisory Board,
recommendations
of
the
Expert
Committees,
referrals from the IJC or its groups, as well as referrals from the scientific
community or citizen groups.
The task forces
are disbanded upon acceptance of
final reports by the Board.
Ecological Effects of Non-Phosphorus Detergent Builders
This
task force was formed
in 1976
to provide
information to the Board on
potential
ecological
effects of phosphorus
substitutes
in detergents.
Task
force members
were
selected
for
their
respective
expertise
in
the
fields
of
biochemistry, waste treatment, environmental modelling, aquatic toxicology,
water chemistry and metal transport, and eutrophication.
Initial activities
of the task force were
directed towards an ecological assessment of NTA.
A
summary of its findings was reported to the Board in May 1977 and the final
report was published this year.
The report is entitled:
"Ecological Effects
of Non-Phosphate Detergent Builders:
Final Report on NTA".
The task force is continuing with its assessment of other builders which
are currently used or proposed for use.
Health Effects of Non-NTA Detergent Builders
The task force was formed in 1977 to evaluate the potential health effects
of detergent builders other than NTA.
The task force has since studied
citrates
and
carboxymethyl-oxysuccinate
(CMOS),
polyphosphates,
carbonates,
soluble
silicates,
Builder
"M"
and carboxymethyltartronate,
and
is now
concluding
its
investigations
on zeolites.
The
report
on
these
detergent
builders is expected to be completed in the fall of 1979.
PhosphOrus
Management
Strategies
Upon the recommendation of the Board's Expert Committee on Engineering and
Technological
Aspects, a task force on phosphorus management strategies was
formed.
-53..
 
   
The
tas
k
for
ce
has
bee
n
cha
rge
d w
ith
the
res
pon
sib
ili
ty
to:
-
Revi
ew a
nd e
valu
ate
the
adeq
uacy
of e
xist
ing
data
, f
acto
rs
affe
ctin
g
phosphorus loads, analysis and technologies pertinent to the
development of alternative phosphorus management strategies. Items
of c
once
rn
to i
nclu
de:
the
assu
mpti
ons
and
rati
onal
e un
derl
ying
the
phosphorus loads recommended in the 1978 Water Quality Agreement
bet
wee
n C
ana
da
and
the
Uni
ted
Sta
tes
on
Gre
at
Lak
es
Wat
er
Qua
lit
y,
dated November 22, 1978; the availability and practicability of
tech
nolo
gy
and
the
cost
s f
or C
Ontr
ol
of
poin
t a
nd n
onpo
int
sour
ces;
the reduction of phosphorus content in detergents and associated
cost
s;
con
sid
era
tio
n o
f t
he
bio
log
ica
l a
vai
lab
ili
ty
of
pho
sph
oru
s i
n
the
ass
ess
men
t o
f a
lte
rna
tiv
e p
hos
pho
rus
man
age
men
t s
tra
teg
ies
;
and
the applicability of systems approaches for determining control
strategies.
- Evaluate and test alternative phosphorus management strategies
specifically as they impact on: (a) ecology; (b) waste treatment; (c)
sludge disposal; (d) energy considerations; and (e) economics.
- Incorporate, as time allows, the findings of the associated task
forces and committees on health effects, environmental impacts,
societal aspects, and nutrient objectives.
-
Iden
tify
spec
ific
subj
ect
area
s w
here
addi
tion
al
info
rmat
ion
is
needed.
A f
ina
l r
epo
rt
fro
m t
he
task
for
ce
is
exp
ect
ed
by
Jan
uar
y 1
980.
Environmental Mapping
 
In 1978, the Board formed a task force on environmental mapping to
evaluate the potential for environmental mapping of the Great Lakes. The task
force completed its study in May 1979 and its report is contained in Appendix
B of this report.
Dissolved Oxygen Objective Review Committee
In June 1978, a special committee was established to review the dissolved
oxygen objective, proposed previously by the joint Water Quality Board and the
Research Advisory Board Committees which had responsibilities for developing
water quality objectives. The Dissolved Oxygen Objective Review Committee
consisted of four members who were charged to review the proposed objective
and to consider the application of new published and unpublished data. In
January 1979, the Review Committee reported its findings to the Science
Advisory Board.
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X
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HAZ
ARD
OUS
POL
LUT
ING
SUB
STA
NCE
S
l.
Th
e
Pa
rt
ie
s
sh
al
l:
(a)
Mai
nta
in
a l
ist
,
to
be
kno
wn
as
App
end
ix
1 o
f t
his
Ann
ex
(he
rei
naf
ter
ref
err
ed
to
as
App
end
ix
1),
of
sub
sta
nce
s
kno
wn
to
hav
e t
oxi
c
eff
ect
s
on
aqu
ati
c
and
ani
mal
lif
e
and
a r
isk
of
bei
ng
dis
cha
rge
d
to
the
Gre
at
La
ke
s
Sy
st
em
;
(b)
Mai
nta
in
a l
ist
,
to
be
kno
wn
as
App
end
ix
2 o
f
thi
s
Ann
ex
(he
rei
naf
ter
ref
err
ed
to
as
App
end
ix
2),
of
sub
sta
nce
s
pot
ent
ial
ly
hav
ing
suc
h
eff
ect
s a
nd
suc
h
a
ris
k o
f d
isc
har
ge,
and
to
giv
e p
rio
rit
y t
o t
he
exa
min
ati
on
of
the
se
sub
sta
nce
s
for
pos
sib
le
tra
nsf
er
to
Ap
pe
nd
ix
1;
(c)
Ens
ure
tha
t
the
se
lis
ts
are
con
tin
ual
ly
rev
ise
d
in
the
lig
ht
of
gro
win
g
sci
ent
ifi
c
kno
wle
dge
;
and
(d)
Dev
elo
p
and
imp
lem
ent
pro
gra
ms
and
mea
sur
es
to
min
imi
ze
or
eli
min
ate
the
ris
k o
f r
ele
ase
of
haz
ard
ous
pol
lut
ing
sub
sta
nce
s
to
the
Gre
at
Lak
es
Sys
tem
.
2.
Haz
ard
ous
pol
lut
ing
sub
sta
nce
s t
o b
e l
ist
ed
in
App
end
ix
1 s
hal
l b
e d
ete
rmi
ned
in
acc
ord
anc
e w
ith
the
fol
low
ing
pr
oc
ed
ur
es
:
(a)
Se
le
ct
io
n
of
all
haz
ard
ous
sub
sta
nce
s
for
lis
tin
g
in
App
end
ix
1 s
hal
l
be
bas
ed
upo
n d
ocu
men
ted
tox
ico
log
ica
l
and
dis
cha
rge
pot
ent
ial
dat
a w
hic
h
hav
e
bee
n
eva
lua
ted
by
th
e
Pa
rt
ie
s
an
d
de
em
ed
to
be
mu
tu
al
ly
ac
ce
pt
ab
le
.
(b)
Re
vis
io
ns
to
Ap
pe
nd
ix
1 m
ay
be
mad
e
by
mut
ual
con
sen
t
of
the
Par
tie
s
and
sha
ll
be
tre
ate
d
as
am
en
dm
en
ts
to
thi
s
Ann
ex
for
the
pur
po
se
s
of
Ar
ti
cl
e
XII
I
of
thi
s
Agr
eem
ent
.
(c)
Usi
ng
the
agr
eed
sel
ect
ion
cri
ter
ia,
eit
her
Par
ty
may
rec
omm
end
at
any
tim
e
a s
ubs
tan
ce
to
be
add
ed
to
the
lis
t
in
App
end
ix
1.
Suc
h s
ubs
tan
ce
nee
d
not
pre
vio
usl
y
hav
e
bee
n l
ist
ed
in
Ap
pe
nd
ix
2.
Th
e
Pa
rt
y
re
ce
iv
in
g
the
rec
omm
end
ati
on
wil
l
hav
e 6
0
day
s
to
rev
iew
the
ass
oci
ate
d
doc
ume
nta
tio
n
and
eit
her
rej
ect
the
pro
pos
ed
sub
sta
nce
or
acc
ept
the
sub
sta
nce
pen
din
g
co
mp
le
ti
on
of
ap
pr
op
ri
at
e
pr
oc
ed
ura
l
or
do
me
st
ic
re
gu
la
to
ry
re
qu
ir
em
en
ts
.
Ca
us
e
for
re
je
ct
io
n
mu
st
be
do
cu
me
nt
ed
and
sub
mit
ted
to
the
in
it
ia
ti
ng
Par
ty
and
ma
y
be
the
ba
si
s
fo
r
an
y
fu
rt
he
r
ne
go
ti
at
io
ns
.
3.
The
cri
ter
ia
to
be
app
lie
d
to
the
se
le
ct
io
n
of
su
bs
ta
nc
es
as
ca
nd
id
at
es
for
li
st
in
g
in
Ap
pe
nd
ix
1
ar
e:
(a)
Acu
te
to
xic
ol
og
ic
al
eff
ect
s,
as
de
te
rm
in
ed
by
wh
et
he
r
the
sub
sta
nce
is
let
hal
to:
(i)
One
-ha
lf
of
a t
est
pop
ula
tio
n
of
aqu
ati
c
ani
mal
s
in
96
hou
rs
or
les
s
at
a c
onc
ent
rat
ion
of
500
mil
lig
ram
s p
er
lit
re
or
les
s;
or
(ii
)
One
-ha
lf
of
a t
est
pop
ula
tio
n
of
ani
mal
s
in
14
day
s o
r l
ess
whe
n a
dmi
nis
ter
ed
in
a s
ing
le
ora
l
dos
e e
qua
l t
o o
r l
ess
tha
n 5
0 m
ill
igr
ams
per
kil
ogr
am
of
body
weig
ht;
or
One
-ha
lf
of
a
tes
t
po
pu
la
ti
on
of
ani
mal
s
in
14
day
s
or
les
s w
hen
de
rm
al
ly
exp
ose
d
to
an
amo
unt
equ
al
to
or
les
s
tha
n
200
mil
lig
ram
s
per
kil
ogr
am
bod
y w
eig
ht
for
24
hou
rs;
or
One
-ha
lf
of
a t
est
pop
ula
tio
n
of
ani
mal
s
in
14
day
s
or
les
s
whe
n
exp
ose
d
to
a
vap
our
co
nc
en
tr
a—
tio
n e
qua
l
to
or
les
s
tha
n
20
cub
ic
cen
tim
ete
rs
per
cub
ic
met
er
in
air
for
one
hou
r;
or
(v)
Aqu
ati
c f
lor
a a
s m
eas
ure
d b
y a
max
imu
m
spe
cif
ic
gro
wth
rat
e o
r
tot
al
yie
ld
of
bio
mas
s w
hic
h
is
50
per
cen
t l
owe
r t
han
a c
ont
rol
cul
tur
e o
ver
14
day
s
in
a m
edi
um
at
con
cen
tra
tio
ns
equ
al
to
or
les
s
tha
n 1
00
mil
lig
ram
s p
er
lit
re.
(b)
Ris
k o
f d
isc
har
ge
int
o t
he
Gre
at
Lak
es
Sys
tem
, a
s
de
te
rm
in
ed
by
:
Gat
her
ing
inf
orm
ati
on
on
the
his
tor
y o
f d
isc
har
ges
or accidents;
Ass
ess
ing
the
mod
al
ris
ks
dur
ing
tra
nsp
ort
and
det
erm
ini
ng
the
use
and
dis
tri
but
ion
pat
ter
ns;
Ide
nti
fyi
ng
qua
nti
tie
s m
anu
fac
tur
ed
or
imp
ort
ed.
4.
Pot
ent
ial
ly
haz
ard
ous
pol
lut
ing
sub
sta
nce
s t
o b
e l
ist
ed
in
App
end
ix
2 o
f t
his
Ann
ex
sha
ll
be
det
erm
ine
d i
n a
cco
rda
nce
wit
h
the
fol
low
ing
pro
ced
ure
s:
(a)
Eit
her
Par
ty
may
add
new
sub
sta
nce
s t
o A
ppe
ndi
x 2
by
not
ify
ing
the
oth
er
in
wri
tin
g t
hat
the
sub
sta
nce
is
con
sid
ere
d
to
be
a p
ote
nti
al
haz
ard
bec
aus
e o
f
doc
ume
nte
d i
nfo
rma
tio
n c
onc
ern
ing
aqu
ati
c t
oxi
cit
y,
mam
mal
ian
and
oth
er
ver
teb
rat
e t
oxi
cit
y,
phy
tot
oxi
cit
y,
per
sis
ten
ce,
bio
-ac
cum
ula
tio
n.
mut
age
nic
ity
,
ter
ato
gen
ici
ty,
car
cin
oge
nic
ity
, e
nvi
ron
men
tal
tra
nsl
oca
tio
n o
r b
ecau
se
of
doc
ume
nte
d i
nfor
mati
on
on
ris
k o
f d
isc
har
ge
to
the
env
iro
nme
nt.
The
doc
ume
nta
tio
n o
f t
he
pote
ntia
l h
azar
d a
nd
the
sel
ect
ed
cri
ter
ia
upo
n w
hic
h i
t i
s b
ase
d w
ill
als
o b
e
su
bm
it
te
d.
(b)
Remo
val
of
subs
tanc
es
from
App
end
ix
2 sh
all
be
by
mut
ual
con
sen
t o
f t
he
Par
tie
s.
(c)
The
Par
tie
s s
hall
give
pri
ori
ty
to t
he
exa
min
ati
on
of
subs
tanc
es l
iste
d i
n Ap
pend
ix 2
for
poss
ible
tran
sfer
to
Ap
pe
nd
ix
1.
5.
Prog
rams
and
meas
ures
to c
ontr
ol
the
risk
of p
ollu
tion
fro
m t
ran
spo
rt,
sto
rag
e,
han
dli
ng
and
dis
pos
al
of
haz
ard
ous
pol
lut
ing
sub
sta
nce
s a
re
con
tai
ned
in
Ann
exe
s 4
and
8.
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APPENDIX 1
 
HAZARDOUS POLLUTING SUBSTANCES
Acetaldehyde
Acetic Acid
Acetic Anhydride
Acetone Cyanohydrin
Acetyl Bromide
Acetyl Chloride
Acrolein
Acrylonitrile
Aldrin
Allyl Alcohol
Allyl Chloride
Aluminum Sulfate
Ammonia
Ammonium Acetate
Ammonium Benzoate
Ammonium Bicarbonate
Ammonium Bichromate
Ammonium Bifluoride
Ammonium Bisulfite
Ammonium Carbamate
Ammonium Carbonate
Ammonium Chloride
Ammonium Chromate
Ammonium Citrate, Dibasic
Ammonium Fluoborate
Ammonium Fluoride
Ammonium Hydroxide
Ammonium Oxalate
Ammonium Silicofluoride
Ammonium Sulfamate
Ammonium Sulfide
Ammonium Sulfite
Ammonium Tartrate
Ammonium Thiocyanate
Ammonium Thiosulfate
Amyl Acetate
Aniline
Antimony Pentachloride
Antimony Potassium Tartrate
Antimony Tribromide
‘
Antimony Trichloride
Antimony Trifluoride
Antimony Trioxide
Arsenic Disulfide
Arsenic Pentoxide
Arsenic Trichloride
Arsenic Trioxide
Arsenic Trisulfide
Barium Cyanide
Benzene
Benzoic Acid
Benzonitrile
Benzoyl Chloride
Benzyl
Chloride
Beryllium Chloride
Beryllium Fluoride
Beryllium Nitrate
Butyl Acetate
Butylamine
Butyric Acid
Cadmium Acetate
Cadmium Bromide
Cadmium Chloride
Calcium Arsenate
Calcium Arsenite
Calcium Carbide
Calcium Chromate
Calcium Cyanide
Calcium Dodecylbenzenasulfonate
Calcium Hydroxide
Calcium Hypochlorite
Calcium Oxide
Captan
Carbaryl
Carbon Disulfide
Chlordane
Chlorine
Chlorobenzene
Chloroform
Chlorosulfonic Acid
Chlorpyrifos
Chromic Acetate
Chromic Acid
Chromic
Sulfate
Chromous Chloride
Cobaltous Bromide
Cobaltous Formate
Cobaltous Sulfamate
Coumaphos
Cresol
Cupric Acetate
Cupric Acetoarsenite
Cupric Chloride
Cupric Nitrate
Cupric Oxalate
Cupric Sulfate
Cupric Sulfate, Ammoniated
Cupric Tartrate
Cyanogen Chloride
Cyclohexane
2.¢-D Acid
2,4-D
Esters
Dalapon
DDT
Diazinon
Dicamba
Dichlobenil
Dichlone
Dichlorvos
Dieldrin
Diethylamine
Dimethylamine
Dinitrobenzene (mixed)
Dinitrophenol
Diquat
Disulfoton
Diuron
Dodecylbenzenesulfonic Acid
Endosulfan
Endrin
Ethion
Bthylbenzene
Ethylenediamine
EDTA
Ferric
Ammonium
Citrate
Ferric
Ammonium Oxalate
Ferric
Chloride
Ferric Fluoride
Ferric
Nitrate
Ferric
Sulfate
Ferrous Ammonium Sulfate
Ferrous
Chloride
Ferrous
Sulfate
Formaldehyde
Formic Acid
Fumaric Acid
Furfural
Guthion
Heptachlor
Hydrochloric Acid
Hydrofluoric Acid
Hydrogen Cyanide
isoprene
Isopropanolamine
Dodecylbenzenesulfonate
Kelthane
Lead Acetate
Lead
Arsenate
Lead
Chloride
Lead
Fluoborate
Lead
Fluoride
Lead
Iodide
Lead
Nitrate
Lead
Stearate
Lead Sulfate
Lead
Sulfide
Lead Thiocyanate
Lindane
Lithium
Chromate
Malathion
Maleic Acid
Maleic Anhydride
Hercuric Cyanide
Mercuric Nitrate
Mercuric
Sulfate
Mercuric Thiocyanate
Mercurous Nitrate
Methoxychlor
Methyl
Hercaptan
Methyl Hethacrylate
Methyl Parathion
Mevinphos
Mexacarbate
Monoethylamine
Monomethylamine
Naled
Naphthalene
Naphthenic Acid
Nickel
Ammonium Sulfate
Nickel
Chloride
Nickel
Hydroxide
Nickel
Nitrate
Nickel
Sulfate
Nitric
Acid
Nitrobenzene
Nitrogen
Dioxide
Nitrophenol
(mixed)
Paraformaldehyde
Parathion
Pentachlorophenol
Phenol
Phosgene
Phosphoric
Acid
Phosphorus
Phosphorus
Oxychloride
Phosphorus
Pentasulfide
Phosphorus
Trichloride
Polychlorinated
Biphenyls
Potassium Arsenate
Potassium Arsenite
Potassium Bichromate
Potassium Chromate
Potassium Cyanide
Potassium Hydroxide
Potassium Permanganate
Propionic Acid
Propionic Anhydride
Pyrethrins
Qu
in
ol
in
e
Resorcinol
Selenium Oxide
Sodium
Sodium Arsenate
Sodium
Arsenite
Sodium Bichromate
Sodium Bifluoride
Sodium Bisulfite
Sodium
Chromate
Sodium
Cyanide
Sodium
Dodecylbenzenesulfonate
Sodium
Fluoride
Sodium Hydrosulfide
Sodium Hydroxide
Sodium
Hypochlorite
Sodium Methylate
Sodium Nitrite
Sodium Phosphate, Dibasic
Sodium Phosphate, Tribasic
Sodium Selenite
Strontium chromate
Strychnine
Styrene
Sulfuric Acid
Sulfur Monochloride
2,4,5-T
Acid
2,4,5—T
Esters
TDE
Tetraethyl Lead
Tetraethyl Pyrophosphate
Toluene
Toxaphene
Trichlorfon
Trichlorophenol
Triethanolamine Dodecylbenzenesulfonate
Triethylamine
Trimethylamine
Uranyl Acetate
Uranyl Nitrate
Vanadium Pentoxide
Vanadyl
Sulfate
Vinyl
Acetate
Xylene
(mixed)
xylenol
zinc
Acetate
Zinc Ammonium Chloride
zinc
Borate
zinc
Bromide
Zinc
Carbonate
zinc
Chloride
Zinc
Cyanide
Zinc
Fluoride
zinc
Formate
Zinc
Hydrosulfite
Zinc
Nitrate
Zinc
Phenolsulfonate
Zinc
Phosphide
Zinc
Silicofluoride
zinc Sulfate
Zirconium Nitrate
zirconium Potassium Fluoride
zirconium Sulfate
zirconium Tetrachloride
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APPENDIX
2
POTENTIAL HAZARDOUS POLLUTING SUBSTANCES
Acridine
Allethrin
Aluminum Fluoride
Aluminum Nitrate
Ammonium Bromide
Ammonium Hypophosphite
Ammonium Iodide
Ammonium Pentaborate
Ammonium
Persulfa
te
Antimony Pentafluoride
Antimycin A
Arsenic Acid
Bar
han
Beniluralin
Bensulide
Benzene Hexachloride
Beryllium Sulfate
Butifos
Cadmium
Cadmium Cyanide
Cadmium Nitrate
Captafol
Carbophenothion
Chlorflurazole
Chlorothion
Chlorpropham
Chromic Chloride
Chromium
Chromyl Chloride
Cobaltous Fluoride
Copper
Crotoxyphos
Cupric Carbonate
Cupric Citrate
Cupric Pormate
Cupric Glycinate
Cupric Lactate
Cupric Paraamino Benzoate
Cupric Salicylate
Cupric Subacetate
Cuprous Bromide
Demeton
Dibutyl Phthalate
Dicapthon
2,4-Dinitrochlorobenzene
p-Dinitrocresol
Dinocap
Dinoseb
Dioxathion
Dodine
BPN
Gold Trichloride
Hexachlorophene
Hydrogen Sulfide
m-Hydroxybenzoic Acid
p—Hydroxybenzoic Acid
Hydroxylamine
2-Hydroxyphenazine-l-Carboxylic Acid
Lactonitrile
Lead Tetraacetate
Lead Thiosultate
Lead Tungstate
Lithium
Bichromate
Malachite
Green
Manganese
Chloride,
Anhydrous
MCPA
Hercuric Acetate
Hercuric Chloride
Mercury
Metam-Sodium
p—Hethylamino-Phenol
2-Hethyl-Napthoquinone
Neburon
Nickel
Pormate
Phenylmercuric
Acetate
n-Phenyl Naphthylamine
P
h
o
r
a
t
e
Phosphamidon
Picloram
Potassium
Azide
Potassium
Cuprocyanide
Potassium
Ferricyanide
Propyl
Alcohol
Pyridyl
Hercuric
Acetate
Rotenone
silver
Silver
Nitrate
Silver
Sulfate
Sodium
Azide
Sodium
2-Chlorotoluene-S-Sulfonate
Sodium
Pentachlorophenate
Sodium
Phosphate,
Honobasic
Sodium
Sulfide
Stannous
Fluoride
Strontium Nitrate
Sulfoxide
Thmephos
Thallium
Thionazin
1,2,4‘Trichlorobenzene
Uranium
Peroxide
Uranyl
Sulfate
Zinc
Bichromate
zinc
Potassium Chromate
zirconium
Acetate
zirconium
Oxychloride
 
  
6
0
ANNE
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PERSIS
TENT T
OXIC S
UBSTAN
CES
1.
Defin
ition
s.'
As u
sed
in t
his
Annex
:
 
(a) '
Persis
tent t
oxic s
ubstanc
e' mea
ns any
toxic
substa
nce
with
a hal
f-lif
e in
water
of gr
eater
than
eight
weeks;
(b) “Ha
lf-life"
means th
e time r
equired
for the
concen
tratio
n of a
substan
ce to
dimini
sh to
one—ha
lf of
its or
iginal
value
in-a la
ke or
water
body;
(c) '
Early w
arning
system“
means
a proc
edure
to anti
cipate
future
enviro
nmenta
l cont
aminan
ts (i.
e., su
bstanc
es
having
an adv
erse e
ffect
on hum
an hea
lth or
the
environm
ent) and
to set p
rioritie
s for en
vironmen
tal
resea
rch,
monit
oring
and r
egula
tory
actio
n.
General
Princi l
es.
 
(a)
Regul
atory
strat
egies
for c
ontro
lling
or pr
event
ing t
he
input
of pe
rsist
ent t
oxic
subst
ances
to th
e Gre
at La
kes
Syst
em s
hall
be a
dopte
d in
acco
rdan
ce w
ith
the
follo
wing
princ
iples
:
(i)
The i
ntent
of pr
ogram
s spe
cifie
d in
this
Annex
is
to vi
rtual
ly el
imina
te th
e inp
ut of
persi
stent
toxic
subst
ance
s in
order
to p
rote
ct h
uman
healt
h
and to
ensure
the co
ntinued
health
and
prod
ucti
vity
of l
iving
aquat
ic r
esou
rces
and
man'
s
use t
hereo
f;
(ii)
The
phil
osop
hy a
dopte
d fo
r co
ntrol
of i
nputs
of
persi
stent
toxic
subst
ances
shall
be ze
ro
discharge.
(b)
The P
artie
s sha
ll ta
ke al
l rea
sonab
le an
d pra
ctica
l
measu
res t
o reh
abili
tate
those
porti
ons o
f the
Great
Lakes S
ystem
advers
ely af
fected
by per
sisten
t toxi
c
substances.
3.
Progra
m . T
he Par
ties,
in coop
eratio
n with
the St
ate
and P
rovin
cial
Gover
nment
s, sh
all d
evelo
p and
adopt
the f
ollow
ing
progr
ams a
nd me
asure
s for
the e
limin
ation
of di
schar
ges o
f
pers
iste
nt t
oxic
subst
ance
s:
(a) I
dentif
icatio
n of r
aw mat
erials
, proc
esses,
produc
ts,
by-pro
ducts,
waste
sources
and em
ission
s invo
lving
persi
stent
toxic
subst
ances
, and
quant
itati
ve da
ta on
the s
ubsta
nces,
toget
her w
ith r
ecomm
endat
ions
on
handl
ing,
use
and
disp
osit
ion.
Every
effo
rt
shall
be ma
de to
compl
ete t
his i
nvent
ory b
y Jan
uary,
19
82
;
(b)
Esta
blis
hmen
t of
close
coor
dina
tion
betw
een
air,
water
and
solid
wast
e pr
ogra
ms i
n or
der
to a
sses
s th
e to
tal
input
of t
oxic
subs
tanc
es t
o th
e Gr
eat
Lakes
Syst
em a
nd
to de
fine
comp
rehe
nsiv
e, i
nteg
rate
d co
ntro
ls;
(c)
Join
t pr
ogra
ms
for
disp
osal
of h
azar
dous
mate
rial
s to
ensu
re t
hat
these
mate
rial
s su
ch a
s pe
stic
ides
,
cont
amin
ated
petr
oleu
m pr
oduct
s, c
onta
mina
ted
sludg
e
and
dred
ge s
poils
and
indus
tria
l wa
stes
are
prop
erly
tran
spor
ted
and
disp
osed
of.
Ever
y ef
fort
shal
l be
made
to im
pleme
nt th
ese p
rogra
ms by
1980.
4.
Mon
ito
rin
g.
Mon
ito
rin
g a
nd
res
ear
ch
pro
gra
ms
in
supp
ort
of t
he G
reat
Lake
s In
tern
atio
nal
Surv
eill
ance
Plan
shou
ld
be e
stab
lish
ed a
t a
leve
l s
uffi
cien
t to
iden
tify
:
   
(a) Temporal and spatial trends in concentration of
persistent toxic substan
ces such as PCB, mirex,
DDT,
mercury and dieldrin, and of other substances known to
be present in biota and sediment of the Great Lakes
Syst
em;
(b) The impact of persistent toxic substances on the health
of humans and the quality and health of living aquatic
systems:
(c) The sources of input of persistent toxic substances;
and
(d) The presence of previously unidentified persistent
toxic substances.
 
5.
An early warning system
consisting of, but not restricted to, the following elements
shall be established to anticipate future toxic substances
problems:
(a) Development and use of structure-activity correlations
to predict environmental characteristics of chemicals;
(b) Compilation and review of trends in the production,
import, and use of chemicals;
(c) Review of the results of environmental testing on new
chemicals:
(d) Toxicological research on chemicals, and review of
research conducted in other countries;
(e) Maintenance of a biological tissue bank and sediment
bank to permit retroactive analysis to establish trends
over
time;
(f) Monitoring to characterize the presence and
significance of chemical residues in the environment;
(9) Development and use of mathematical models to predict
consequences of various loading rates of different
chemicals;
(h) Development of a data bank for storage of information
on physical/chemical properties, toxicology, use and
quantities in commerce of known and suspected
persistent toxic substances.
6. ﬂgmaﬂ_ﬂealth. The Parties shall establish action
levels to protect human health from the individual and
interactive effects of toxic substances.
 
7.
Research. Research should be intensified to determine
the pathways, fate and effects of toxic substances aimed at the
protection of human health, fishery resources and wildlife of the
Great Lakes Basin Ecosystem. In particular, research should be
conducted to determine:
 
(a) The significance of effects of persistent toxic
substances on human health and aquatic.life;
(b) Interactive effects of residues of toxic substances on
aquatic life, wildlife, and human health; and
(c)
Appro
aches
to ca
lcula
tion
of ac
cepta
ble l
oadin
g rat
es
for p
ersist
ent to
xic su
bstance
s, esp
eciall
y thos
e
which, in part, are natu
rally occurring.
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INTRODUCTION
The
Task
Force
on
Environmental
Mapping
was
initiated
by
the
Research
Advisory
Board
at
its
23rd
meeting
on
September
20-21,
1977.
The
Draft
Terms
of
Reference,
Appendix
A,
were
prepared
by
the
Board,
and
the
revised
Terms
of
Reference,
Appendix
B,
were
prepared
by
the
Task
Force
in
January
1979.
The
Task
Force
was
organized
in
January
1978
and
held
its
first
meeting
in
April
1978.
Task
Force
membership
is
listed
in
the
Membership
List.
Represented
are
various
Canadian,
United
States,
and
international
agencies
with
operational,
research
and
development,
and
coordinating
missions.
The
Task
Force
has
concluded
that
there
are
many
ways
in
which
environmental
mapping
may
serve
as
a
useful
tool
to
further
the
goals
of
the
Great
Lakes
Water
Quality
Agreement.
The
Task
Force
did
not
achieve
consensus
on
what
to
map
and
for
what
audience.
Alternatives
are
therefore
presented
and
recomnendations,
therefore,
include
alternatives
on
what
to
map.
Recommendations
also
address
resources
and
organization.
WHY MAP?
Environmental
mapping
is
a
process
of
data
analysis
and
communication.
Information
is
organized
and
presented
in
the
form
of
a
document.
It
relies
on
an
existing
data
base
and
expert
interpretation.
The
product
of
environmental
mapping
can
take
the
form
of
an
atlas,
an
atlas
monograph,
or
a
brochure,
depending
upon
the
intended
purpose,
the
audience,
the
adequacy
of
available
data,
and
the
complexity
of
the
information
to
be
documented
and
conmunicated.
A
document
that
contains
primarily
Inaps
is
called
an
atlas,
while
an
atlas
monograph
contains
a
combination
of
maps,
figures,
tables,
and
text.
Environmental
mapping
products
were
identified
and
discussed
by
participants
of
the
Workshop
on
Environmental
Mapping
of
the
Great
Lakes,
(e.g.,
Cronin
and
Lippson
(1976),
the
Chesapeake
Bay
of
Maryland-Atlas
of
Natural
Resources
and
Ginter
(1976),
New
York
Bight
Atlas
Monograph
Series.)
(See
Rosenberger
and
Robertson,
1976).
Atlases
of
meteorological
and
physical
oceanographic
variables
have
been
used
extensively
to
portray
statistical
properties
of
the
environment
for
engineering
applications.
More
complete
works
relating
to
weather
variables
are
called
climatology.
It
follows
that
suitably
designed,
environmental
mapping
provides
information
of
value
to
engineers,
planners,
managers,
scientists,
elected
officials,
and
the
general
public.
The
content
of
environmental
mapping
depends
upon
the
intended
purpose,
the
audience,
available
data,
the
set
of
variables
required
(from
amongst
the
physical,
chemical,
biological,
and
societal
possibilities),
and
the
relevant
temporal
and
spatial
scales.
To
the
Task
Force,
environmental
mapping
is
a
process
of
data
analysis
that
describes
humanity
in
the
Great
Lakes
ecosystem
on
topics
of
importance
to
the
IJC,
its
institutions,
participating
agencies,
local
agencies, and the public.
The
IJC
plays
a special
role with respect
to Great Lakes
water quantity
and quality
as
defined
in the
Treaty
of
1909
and
the
Great
Lakes
Water
Quality
-57-
   
  
Ag
re
em
en
ts
of
19
72
an
d
19
78
by
pr
ov
id
in
g
a
fo
ru
m
in
wh
ic
h
Ca
na
di
an
an
d
Un
it
ed
St
at
es
ag
en
ci
es
ac
hi
ev
e
en
vi
ro
nm
en
ta
l
go
al
s
an
d
ob
je
ct
iv
es
.
En
vi
ro
nm
en
ta
l
ma
pp
in
g
ha
s
va
lu
es
th
at
co
nt
ri
bu
te
to
th
es
e
go
al
s
an
d
ob
je
ct
iv
es
:
1.
It
is
a
me
an
s
by
wh
ic
h
re
gi
on
al
pe
rs
pe
ct
iv
es
ar
e
pr
ov
id
ed
as
a
co
nt
ex
t
fo
r
lo
ca
l
de
ci
si
on
ma
ki
ng
.
2.
It
is
a
me
an
s
by
wh
ic
h
da
ta
an
d
in
fo
rm
at
io
n
de
ri
ve
d
fr
om
di
ve
rs
e
so
ur
ce
s
an
d
di
sc
ip
li
ne
s
ca
n
be
sy
nt
he
si
ze
d
in
to
a
si
ng
le
fo
rm
at
.
a.
To
o
mu
ch
of
th
e
re
le
va
nt
in
fo
rm
at
io
n,
e.
g.
,
da
ta
ar
ch
iv
es
,
re
po
rt
s,
jo
ur
na
l
ar
ti
cl
es
,
is
in
ac
ce
ss
ib
le
to
or
in
ap
pr
op
ri
at
el
y
pa
ck
ag
ed
fo
r
th
e
us
er
s
of
su
ch
in
fo
rm
at
io
n:
ma
na
ge
rs
,
pl
an
ne
rs
,
and the informed public.
b.
Mu
ch
of
th
e
kn
ow
le
dg
e
of
th
e
Gr
ea
t
La
ke
s
ga
in
ed
to
da
te
do
es
no
t
ef
fe
ct
iv
el
y
de
ve
lo
p
an
d
co
mm
un
ic
at
e
an
un
de
rs
ta
nd
in
g
of
th
e
in
te
ra
ct
io
ns
am
on
g
bi
ol
og
ic
al
,
ch
em
ic
al
,
an
d
ph
ys
ic
al
fa
ct
or
s
an
d
pr
oc
es
se
s
or
be
tw
ee
n
so
ci
et
y a
nd
th
e
Gr
ea
t
La
ke
s,
bu
t
ra
th
er
ad
dr
es
se
s
qu
es
ti
on
s
or
pr
ob
le
ms
wi
th
in
re
la
ti
ve
ly
na
rr
ow
technical fields.
3.
It
pr
ov
id
es
an
op
po
rt
un
it
y
fo
r
th
e
hi
st
or
ic
al
pe
rs
pe
ct
iv
e
to
hi
gh
li
gh
t
ar
ea
s
of
sp
ec
ia
l
co
nc
er
n
re
qu
ir
in
g
at
te
nt
io
n
or
to
de
mo
ns
tr
at
e
ac
hi
ev
em
en
ts
in
ec
os
ys
te
m
im
pr
ov
em
en
t.
a.
Pa
rt
ic
ul
ar
ly
im
po
rt
an
t
is
th
e
ro
le
th
at
hi
st
or
ic
al
da
ta
ca
n
pl
ay
in
re
ve
al
in
g
th
e
fo
rm
er
co
nd
it
io
ns
of
th
e
Gr
ea
t
La
ke
s
ec
os
ys
te
m
as
an
en
vi
ro
nm
en
t
in
wh
ic
h
hi
gh
va
lu
e
sp
ec
ie
s
of
fi
sh
we
re
ab
un
da
nt
an
d
in
wh
ic
h
fu
ll
us
e
of
th
e
re
so
ur
ce
fo
r
re
cr
ea
ti
on
an
d
ae
st
he
ti
c
en
jo
ym
en
t
co
ul
d
oc
cu
r.
b.
De
ve
lo
pm
en
t
of
tr
en
d
li
ne
s
fr
om
pa
st
to
pr
es
en
t
pe
rm
it
s
pe
op
le
fr
om
a
va
ri
et
y
of
ba
ck
gr
ou
nd
s
to
ma
ke
pr
oj
ec
ti
on
s
un
de
r
va
ri
ou
s
as
su
mp
ti
on
s
of
wh
at
th
e
fu
tu
re
ma
y
ho
ld
.
4.
It
pr
ov
id
es
a
me
ch
an
is
m
fo
r
th
e
id
en
ti
fi
ca
ti
on
of
ec
os
ys
te
m
pr
ob
le
ms
,
ga
ps
in
av
ai
la
bl
e
da
ta
,
or
we
ak
ne
ss
es
in
ex
is
ti
ng
in
fo
rm
at
io
n.
5.
It
se
rv
es
to
co
or
di
na
te
an
d
re
or
ga
ni
ze
th
in
ki
ng
ab
ou
t
th
e
pr
ob
le
ms
of
a complex ecosystem.
In
su
mn
ar
y,
en
vi
ro
nm
en
ta
l
ma
pp
in
g
sh
ou
ld
be
us
ed
by
th
e
In
te
rn
at
io
na
l
Joint Commission:
1.
To
im
pr
ov
e
un
de
rs
ta
nd
in
g
of
th
e
dy
na
mi
cs
of
th
e
Gr
ea
t
La
ke
s
ec
os
ys
te
m
and
thu
s
our
ab
il
it
y
to
ma
na
ge
th
e
re
so
ur
ce
in
ke
ep
in
g
wi
th
th
e
Gr
ea
t
Lakes Water Quality Agreement; and
-53-
 2.
To
improve
communications
between
scientists,
managers,
regulators,
elected
officials,
and
the
general
public
on
matters
relating
to
the
Great Lakes ecosystem.
Within
the
context
of
the
United
States-Canadian
Great
Lakes
Water
Quality
Agreement
and
its
relationship
to
public
information,
resource
management,
and
planning,
suitable
goals
for
the
IJC
environmental
mapping
activity
are
to
address
issues
of
concern
and
to
provide
information:
1.
To
improve
understanding
of
the
Great
Lakes
ecosystem
and
the
dynamic
interrelationships
involved
among
the
biological,
chemical,
physical,
and
societal
components
of
the
environment;
and
2.
To
assist
in
Great
Lakes
planning
and
management
decisions
that
affect the Great Lakes ecosystem.
With
these
goals
in mind,
environmental
mapping
objectives
are:
1.
To
synthesize
and
display
knowledge
of
the
Great
Lakes
ecosystem;
2.
To
provide
perspective
on
societal
activities
stressing
ecosystem
quality;
3.
To
aid
decision
makers
and
an
informed
public
to
reach
complementary
decisions
and
to
implement
programs
to
achieve
mutually
agreeable
management
objectives
under
the Water Quality
Agreement;
4.
To
deal
with
issues
affecting
the
Great
Lakes
ecosystem,
including
past to present trends and potential future problems; and
5.
To
improve
understanding
of
the
Great
Lakes
ecosystan
in
order
to
develop
a broader
base
of
support
for
the
actions
required
to
achieve
the goals.
WHAT TO MAP?
The Task
Force has been faced with the question,
"What to map and for what
audience?”
An
examination
of
the
Task
Force
terms
of
reference
does
not
provide
the
answer.
From
one
viewpoint,
environmental
mapping
is
a useful
tool looking for a problem to solve.
Most
of
the
Task
Force
discussions
have
concerned
the
definition
of
objectives
- what
to map
and for what
audience?
Many
suitable problems
were
identified for which
an environmental
mapping approach
is applicable.
Since we
were unable
to
arrive at a consensus
on
the objectives,
alternatives
will
be
presented.
The
availability of resources to conduct environmental mapping may
decide the final choice.
One environmental mapping alternative uses the problem-oriented approach
to
ecosystem
quality.
A
series
of
topics
was
identified,
including
-59-
 
A
t
w
:
w
  
con
tam
ina
nts
,
oth
er
man
-in
duc
ed
cha
nge
s
(e.
g.,
wat
er
wit
hdr
awa
ls)
,
and
com
pon
ent
s
of
Gre
at
Lak
es
res
our
ces
(e.
g.,
fis
her
ies
).
Env
iro
nme
nta
l
map
pin
g
act
ivi
tie
s
wil
l
be
des
cri
bed
for
two
of
the
se
top
ics
—to
xic
con
tam
ina
nts
and
eut
rop
hic
ati
on.
The
obj
ect
ive
s
rel
ate
to
imp
rov
ing
an
und
ers
tan
din
g
of
the
cau
se
and
eff
ect
rel
ati
ons
hip
s
in
the
Gre
at
Lak
es
eco
sys
tem
and
pro
vid
ing
an
aid
to
ass
ist
dec
isi
on
mak
ers
and
pla
nne
rs
and
to
rai
se
the
awa
ren
ess
of
ele
cte
d
off
ici
als
and
the
pub
lic
to
the
se
pro
ble
ms,
pos
sib
le
sol
uti
ons
,
and
the
eff
ect
s o
f r
eme
dia
l m
eas
ure
s.
A b
roa
d a
udi
enc
e w
oul
d b
ene
fit
.
A
sec
ond
maj
or
alt
ern
ati
ve
for
env
iro
nme
nta
l
map
pin
g
fol
low
s
the
con
cep
t—o
rie
nte
d a
ppr
oac
h o
f G
rea
t L
ake
s r
eha
bil
ita
tio
n.
The
obj
ect
ive
is
to
imp
rov
e p
ubl
ic
und
ers
tan
din
g o
f t
he
pro
ble
ms
ass
oci
ate
d w
ith
reh
abi
lit
ati
on
and to achieve public support for such a program.
TOXIC CONTAMINANTS
Background
The
orga
nizi
ng
prin
cipl
e fo
r th
e pr
oble
m-or
ient
ed a
ppro
ach
invo
lves
man
in
the
ecos
yste
m.
For
sele
cted
clas
ses
of c
onta
mina
nts,
ther
e is
a ca
usal
chai
n,
sta
rti
ng
with
huma
n s
ett
lem
ent
, g
rowt
h,
and
dev
elo
pme
nt
of
the
dra
ina
ge
bas
in
and
end
ing
wit
h t
he
eff
ect
s
on
the
lake
s,
the
imp
act
on
hum
an
uses
,
and
corr
ecti
ve
acti
ons
take
n b
y e
nvir
onme
ntal
mana
geme
nt.
Five
elem
ents
are
considered:
1.
The
drai
nage
basi
n -
huma
n s
ettl
emen
t,
deve
lopm
ent,
and
mani
pula
tion
of the basin that results in contaminant sources and natural
conditions;
2. Loads to the Great Lakes;
3. Lake effects;
4. Societal and use effects; and
5. Corrective actions or implemented remedial measures.
The fifth element, corrective actions or implemented remedial measures,
synthesizes the first four elements in terms of changes to the drainage basin,
to loads, to lake effects, and to societal and use effects. Relevant space
and time scales need to be considered and the most suitable variables
included. The environmental mapping design for each topic involves compromise
between simple concise communications of most relevant information and the
desire to portray the interdependent ecosystem aspects of the problem.
Toxic contaminants have been identified as a class of important issues
that impact Great Lakes ecosystem quality. Toxic contaminants are cited in
the 1978 Great Lakes Water Quality Agreement in Annex 1 - Specific Objectives,
Annex 10 - Hazardous Polluting Substances, and Annex 12 - Persistent Toxic
Substances. Of these three Annexes, Annex 12 is particularly relevant to
-70-
 env
iro
nme
nta
l
map
pin
g.
In
add
iti
on
to
est
abl
ish
ing
gen
era
l
pri
nci
ple
s
for
reg
ula
tio
n
str
ate
gie
s
and
pro
gra
ms
for
the
eli
min
ati
on
of
per
sis
ten
t
tox
ic
sub
sta
nce
dis
cha
rge
s,
Ann
ex
12
add
res
ses
mon
ito
rin
g
to
ide
nti
fy
tem
por
al
and
spa
tia
l t
ren
ds,
and
res
ear
ch
to
det
erm
ine
pat
hwa
ys,
fat
e,
and
eff
ect
s o
f t
oxi
c
sub
sta
nce
s.
The
dat
a
and
inf
orm
ati
on
syn
the
sis
of
env
iro
nme
nta
l
map
pin
g
for
sel
ect
ed
tox
ic
con
tam
ina
nts
wil
l
pro
vid
e
a b
asi
s
for
imp
rov
ed
dec
isi
ons
to
ame
lio
rat
e
pro
ble
ms
tha
t
aff
ect
the
Gre
at
Lak
es
eco
sys
tem
.
Dat
a
and
inf
orm
ati
on
are
spr
ead
thr
oug
h
age
ncy
fil
es
and
res
ide
in
sca
tte
red
res
ear
ch
projects and are very inaccessible.
Wit
h
res
pec
t
to
the
fea
sib
ili
ty
of
map
pin
g
tox
ic
con
tam
ina
nts
,
dat
a
sou
rce
s
are
goo
d
for
the
who
le
lak
e
sca
le,
esp
eci
all
y
Lak
e
Ont
ari
o
(On
tar
io
Min
ist
ry
of
Nat
ura
l
Res
our
ces
(OM
NR)
,
Ont
ari
o
Min
ist
ry
of
the
Env
iro
nme
nt
(MO
E),
New
Yor
k
Dep
art
men
t
of
Env
iro
nme
nta
l
Con
ser
vat
ion
(NY
DEC
),
Fis
her
ies
Ins
pec
tio
n
Boa
rd,
IJC
,
EPA
,
etc
.
Dat
a
pro
ble
ms
may
be
enc
oun
ter
ed
at
the
sit
e
spe
cif
ic
sca
le.
Dat
a
ava
ila
bil
ity
wil
l
be
the
det
erm
ini
ng
fac
tor
in
env
iro
nme
nta
l
map
pin
g.
Dat
a
wil
l
be
ava
ila
ble
fro
m
exp
eri
men
tal
stu
die
s
suc
h
as
Pol
lut
ion
Fro
m
Lan
d
Use
Act
ivi
tie
s
Ref
ere
nce
Gro
up
(PL
UAR
G),
Upp
er
Lak
es
Ref
ere
nce
Gro
up
(UL
RG)
,
etc
.,
and
fro
m f
ede
ral
,
pro
vin
cia
l,
and
sta
te
age
nci
es.
Objectives
Th
e
ob
je
ct
iv
es
of
the
ma
pp
in
g
of
tox
ic
co
nt
am
in
an
ts
are
:
1.
To
sy
nt
he
si
ze
pr
es
en
t
in
fo
rm
at
io
n
and
pr
ov
id
e
cl
ea
re
r
un
de
rs
ta
nd
in
g
of
the
ma
te
ri
al
s
and
pr
oc
es
se
s
of
the
ec
os
ys
te
ms
;
2.
To
im
pr
ov
e
un
de
rs
ta
nd
in
g
on
the
pa
rt
of
the
pub
li
c,
el
ec
te
d
of
fi
ci
al
s,
an
d
go
ve
rn
me
nt
ag
en
ci
es
;
3.
To
ai
d
de
ci
si
on
ma
ke
rs
an
d
an
'i
nf
or
me
d
pu
bl
ic
in
im
pl
em
en
ti
ng
pr
og
ra
ms
to
re
ac
h
mu
tu
al
ly
ag
re
ea
bl
e
ma
na
ge
me
nt
ob
je
ct
iv
es
un
de
r
th
e
Water Quality Agreement;
4.
To
pr
ov
id
e
a
ba
si
s
fo
r
la
ke
wi
de
(e
co
sy
st
em
)
ma
na
ge
me
nt
st
ra
te
gi
es
fo
r
th
e
pr
ot
ec
ti
on
an
d
en
ha
nc
em
en
t,
as
we
ll
as
th
e
de
ve
lo
pm
en
t
an
d
us
e,
of the resources;
5.
To
id
en
ti
fy
da
ta
,
in
fo
rm
at
io
n,
an
d
kn
ow
le
dg
e
ga
ps
;
an
d
6.
To
se
rv
e
as
a
pl
an
ni
ng
to
ol
fo
r
fu
tu
re
wo
rk
by
pr
ov
id
in
g
an
al
yi
ed
ba
se
li
ne
an
d
tr
en
d
da
ta
an
d
in
fo
rm
at
io
n.
Approach
Fo
ur
to
xi
c
co
nt
am
in
an
ts
:
i.
e.
,
me
rc
ur
y,
PC
B,
mi
re
x,
an
d
po
ss
ib
ly
le
ad
;
ar
e
co
ns
id
er
ed
su
it
ab
le
fo
r
en
vi
ro
nm
en
ta
l
ma
pp
in
g
be
ca
us
e
th
e
in
fo
rm
at
io
n
ba
se
sh
ou
ld
be
ad
eq
ua
te
to
pe
rm
it
a
me
an
in
gf
ul
ma
pp
in
g
en
de
av
or
.
Th
e
ma
pp
in
g
ap
pr
oa
ch
wi
ll
in
cl
ud
e
in
fo
rm
at
io
n
on
so
ur
ce
s,
le
ve
ls
of
co
nt
am
in
an
ts
in
th
e
ec
os
ys
te
m
an
d
ef
fe
ct
s
of
co
nt
am
in
an
ts
on
th
e
ec
os
ys
te
m
an
d
hu
ma
n
us
es
.
A
pr
el
im
in
ar
y
ou
tl
in
e
is
of
th
e
fo
ll
ow
in
g
fo
rm
:
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Map Past, Present, And Potential
Sources 0f Hg, PCB, Mirex, Lead
(1.
Poi
e., input mapping)
nt Sources 0f Pollution
 
I
l
1
Non
l
of the important contaminant issues.
combined storm sewers
municipal sewage
industrial effluent
(by type of industry)
power plants: nuclear fossil
-Point Sources 0f Pollution
tributary loadings
ground water
agricultural runoff
urban runoff
air
dredging
oil and gas exploration
spills
watercraft wastes
lake bottom sediments
erosion
solid and liquid waste
disposal
Map Level Of
Contaminants In
water
sediment
invertebrates
fish
wildlife
(e.g., herring
gulls)
Effects Of Contaminants
 
On The Ecosystem
sensitive areas
pathways of contami—
nants through the
food chain and the
environment in general
Effects On Human Uses;
commercial fisheries
recreation
water Supply
power generation
industrial
agricultural
Where possible, information will be included on the historical development
Two mapping scales are envisaged:
1.
Total Great Lakes,
such as the Great Lakes Water Use Map;
and,
2.
Site specific (i.e., nearshore), concentrating on problem areas such
as Hamilton Harbor,
Niagara River.
Toronto Harbor,
the Bay of Quinte, and the
To be of value,
the mapping effort must be seen as a continuing process,
with
trend
updates
occurring
every 5 years
or so.
An example of available mapping
concentrations
in sediments
is contained
in Figures
1, 2,
and 3.
information on mercury, lead, and PCB
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EUTROPHICATION
Background
An
ove
rab
und
anc
e
of
nut
rie
nts
fro
m
bot
h
soc
iet
al
and
nat
ura
l
sou
rce
s
ent
ers
the
Gre
at
Lak
es
and
cau
ses
rap
id
gro
wth
of
phy
top
lan
kto
n
and
att
ach
ed
wat
er
pla
nts
(e.
g.,
Cla
dop
hor
a)
and
con
tri
but
es
to
oxy
gen
dep
let
ion
and
to
a
shi
ft
in
spe
cie
s
of
dom
ina
nt
bio
ta
(e.
g.,
phy
top
lan
kto
n,
att
ach
ed
pla
nts
,
ben
tho
s,
etc
.).
Eut
rop
hic
ati
on
is
a
tru
e
eco
sys
tem
pro
ble
m.
Man
-in
duc
ed
cha
nge
s
in
the
dra
ina
ge
bas
in
gen
era
te
man
y
poi
nt
and
are
a
sou
rce
s
of
nut
rie
nts
tha
t
are
tra
nsp
ort
ed
to
the
lak
es
via
mul
tip
le
pat
hwa
ys.
The
eff
ect
s
on
the
lak
es
and
on
soc
iet
al
use
s
are
dep
end
ent
upo
n
the
int
ern
al
dyn
ami
cs
of
the
lak
e-l
and
-at
mos
phe
ric
sys
tem
.
Cor
rec
tiv
e
act
ion
s
are
bei
ng
tak
en
to
ame
lio
rat
e
thi
s
env
iro
nme
nta
l
pro
ble
m.
Spe
cif
ic
wat
er
qua
lit
y
obj
ect
ive
s
and
poi
nt
sou
rce
con
tro
l
for
pho
sph
oru
s
are
add
res
sed
in
the
197
2
Gre
at
Lak
es
Wat
er
Qua
lit
y A
gre
eme
nt
and
spe
cif
ic
obj
ect
ive
s f
or
pho
sph
oru
s a
nd
dis
sol
ved
oxy
gen
are
add
res
sed
in
the
Gre
at
Lak
es
Wat
er
Qua
lit
y
Agr
eem
ent
of
197
8.
Lar
ge
sum
s o
f m
one
y a
re
bei
ng
spe
nt
in
the
Uni
ted
Sta
tes
and
Can
ada
to
rem
ove
nut
rie
nts
fro
m
sew
age
and
to
eli
min
ate
or
lim
it
nut
rie
nt
loa
ds
at
the
ir
sou
rce
s.
Sin
ce
thi
s p
rob
lem
has
no
eas
y,
sho
rt-
ter
m,
ine
xpe
nsi
ve
sol
uti
on,
it
wil
l
be
of
val
ue
to
map
the
eut
rop
hic
ati
on
pro
ble
m
for
a
bro
ad
aud
ien
ce
inc
lud
ing
the
Gre
at
Lak
es
ins
tit
uti
ons
,
man
age
rs,
pla
nne
rs,
reg
ula
tor
s,
ele
cte
d
off
ici
als
,
and
the
inf
orm
ed
pub
lic
.
Map
pin
g
of
thi
s
mul
tid
isc
ipl
ina
ry
pro
ble
m
can
lea
d
to
imp
rov
ed
und
ers
tan
din
g
of
the
pro
ble
m
and
of
the
Gre
at
Lak
es
sys
tem
amo
ng
int
erd
isc
ipl
ina
ry
sci
ent
ist
s
and
dec
isi
on
mak
ers
and
sho
uld
lea
d
to
con
str
uct
ive
pub
lic
par
tic
ipa
tio
n
and
coo
per
ati
ve
dec
isi
ons
complementary to overall management objectives.
Objectives
Th
e
ob
je
ct
iv
es
of
ma
pp
in
g
the
eu
tr
op
hi
ca
ti
on
pr
ob
le
m
are
:
1.
To
inc
rea
se
the
lev
el
of
com
pre
hen
sio
n
and
awa
ren
ess
of
ele
cte
d
off
ici
als
,
dec
isi
on
mak
ers
,
env
iro
nme
nta
l
eng
ine
ers
,
and
the
inf
orm
ed
pub
lic
on
the
int
erd
epe
nde
nt
nat
ure
of
hum
an
act
ivi
tie
s
in
the
Gre
at
Lak
es
eco
sys
tem
in
the
con
tex
t
of
the
eut
rop
hic
ati
on
problem;
2.
To
syn
the
siz
e
and
dis
pla
y
the
fol
low
ing
mul
tid
isc
ipl
ina
ry
kno
wle
dge
of
a
cau
se
and
eff
ect
nat
ure
on
the
eut
rop
hic
ati
on
pro
ble
m
as
an
aid
to
dec
isi
on
mak
ers
and
an
inf
orm
ed
pub
lic
:
a.
soc
iet
al
act
ivi
tie
s
tha
t
str
ess
the
Gre
at
Lak
es
eco
sys
tem
;
b.
the
na
tu
re
of
la
ke
ef
fe
ct
s
and
the
ef
fe
ct
s
on
re
so
ur
ce
use
s;
c
the
pas
t
to
cur
ren
t
tre
nds
and
fut
ure
per
spe
cti
ves
on
st
re
ss
es
an
d
ec
os
ys
te
m
an
d
us
e
ef
fe
ct
s;
an
d,
'
d.
the
cos
ts
and
eff
ect
s
of
pas
t
and
pre
sen
t
cor
rec
tiv
e
actions.
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 3. To identify potential future ecosystem-related quality and effects
associated with various alternative strategies of corrective actions,
including:
a. continuing present control measures;
b. maintaining present ecosystem quality; and,
c. improving the quality.
4. To provide a basis for lakewide (ecosystem) management strategies for
the protection and enhancement, as well as development and use, of the
resources; and
5. To serve as a planning tool for future work by providing analyzed
baseline and trend data and information.
Approach
Eutrophication is not an uniformly severe problem throughout the total
Grea
t L
akes
syst
em.
Like
wise
, t
he
prob
lem
has
grow
n w
ith
the
demo
grap
hic
deve
lopm
ent
of t
he G
reat
Lake
s B
asin
. T
he e
ffec
ts
are
grea
test
in p
arti
cula
r
lake
s,
bays
, a
nd n
ears
hore
regi
ons.
(See
Tabl
e 1
.)
The
alte
rnat
ive
regi
ons
to map include the total Great Lakes system, a lake system, a bay system, or a
comb
inat
ion
of
all
thes
e s
cale
s.
Amon
g t
he
lake
s,
eutr
ophi
cati
on
is
most
adva
nced
in L
akes
Erie
and
Onta
rio
and
thes
e la
ke s
yste
ms
are
good
cand
idat
es
for
mapp
ing.
Also
the
avai
labl
e d
ata
base
is s
atis
fact
ory.
Both
Lake
s E
rie
and
Ont
ari
o
are
inf
lue
nce
d
by
ups
tre
am
con
dit
ion
s
and
sho
uld
ide
all
y
be
cons
ider
ed
in t
he c
onte
xt
of
the
tota
l G
reat
Lake
s s
yste
m.
Lowe
r Gr
een
Bay,
Sag
ina
w
Bay
,
and
the
Bay
of
Qui
nte
are
all
eut
rop
hic
.
Whi
le
the
se
bay
s
are
tot
all
y
wit
hin
one
nat
ion
and
one
sta
te
or
pro
vin
ce
and
,
the
ref
ore
,
pre
sum
abl
y,
cou
ld
be
map
ped
wit
hou
t
an
int
ern
ati
ona
l
eff
ort
,
a
reg
ion
al
perspective is of value.
Be
ca
us
e
of
th
e
ec
os
ys
te
m
in
te
rd
ep
en
de
nc
ie
s
an
d
mu
lt
ip
ol
it
ic
al
un
it
s
inv
olv
ed,
it
is
de
si
ra
bl
e
to
ma
p
the
tot
al
Gr
ea
t
Lak
es
sys
tem
.
It
wil
l
be
nec
ess
ary
to
sca
le
the
tot
al
map
pin
g
eff
ort
to
hig
hli
ght
the
mos
t
sig
nif
ica
nt
fea
tur
es
for
the
int
end
ed
aud
ien
ce
and
to
mee
t
the
sta
ted
obj
ect
ive
s.
The
sam
e
cau
se
and
eff
ect
org
ani
zin
g
pri
nci
ple
pre
vio
usl
y
dis
cus
sed
in
the
Tox
ic
Con
tam
ina
nts
sec
tio
n
is
app
lic
abl
e.
Tab
le
2 c
ont
ain
s
a p
rel
imi
nar
y
out
lin
e
of
th
e
ma
jo
r
fe
at
ur
es
th
at
mu
st
be
sy
nt
he
si
ze
d
to
po
rt
ra
y
the
nu
tr
ie
nt
en
ri
ch
me
nt
pro
ble
m
and
the
spa
tia
l
and
tem
por
al
dyn
ami
cs
of
the
Gre
at
Lak
es
eco
sys
tem
.
Th
e
de
ta
il
s
are
lef
t
to
the
wo
rk
gr
oup
tha
t
ma
ps
thi
s
top
ic.
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 Table 1
Status of Eutrophication in Particular Great Lakes Regions
 
Lake
Bay
OLIGO*
OLIGO/MESO
MESO*
MESO/EUTRO
EUTRO*
Superior X
Huron X
Saginaw X
Michigan X
Lower Green X
Erie
X
X
Ontario X
Quinte
X
     
 
 
*OLIGO - oiigotrophic
MESO - mesotrophic
EUTRO - eutrophic
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Table 2
Eutrophication Outline
 
I. Introduction
a. The Great Lakes system
b. The problem
II. The Drainage Basins
a. Domestic sources (population, treatment, etc.)
b. Land sources (land use, soils, fertilizer use, etc.)
c. Pathways (water, air)
III. Loadings
a. Phosphorus
b. Nitrogen
c. Silicon
IV. The Lakes
a. Physical environment (lake levels and flows, temperature,
transparency, etc.)
b. Chemical response (phosphorus, oxygen, etc.)
c. Biology (phytoplankton, benthos, macrophytes, etc.)
V. Societal Effects
Water supply
Fisheries
Recreation and aesthetics
Water quality management (corrective actions and effects)
Q
O
U
'
Q
’
c
o
c
o
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REHABILITATION
Why?
During
the past 200 years
(and
in particular the past 50 years),
human
activities in the Great Lakes Basin have caused an increasing degradation of
the
ecosystem
our
forebearers
knew.
Today,
we
are most
widely
aware
of
problems
arising
from
cultural
eutrophication,
the
presence
of
toxic
substances, and great changes in fish populations.
In
recognition
of
the
alarm
with
which
continued
degradation
of
the
Great
Lakes
has
been
viewed,
current
management
practices
attempt
to
limit
further
deterioration of the upper
lakes
and
to
improve water quality
in the
lower
lakes
by
defining
acceptable
concentrations
of
chemical
and
microbiological
constituents
(water quality
objectives).
The
limited
success
of these management practices encourages
the view that
it
is both technically
and
economically
feasible
to
reverse
the
process
of
water
quality
degradation.
In
recognition
of
this,
research
has
already
begun
to
assess
environmental
sensitivity,
or
to
put
it
more
bluntly,
"to
see
if
it
is
possible
to state
what wastes
may
be safely disposed of
or released into
the
Great Lakes, how much, and where."
At this point,
another concept can be
introduced into this evolution of
human
appreciation of
the
environment,
that of
rehabilitation
of
the
natural
ecosystem/environment.
INITIAL STATE 96
REHABILITATION
A
ENHANCEMENT
RESTORATION
  
\
FURTHER DEGRADATION
Figure
4.
Diagrammatic
representation
of the meaning
of
some words
(Regier, 1978).
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 r
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s
,
s
The following narrative (Regier, 1978) expands on the diagrammatic
representation in Figure 4.
Restoration would take us back in a rather direct route toward the
initial state, presumably accepting undesirable features of the initial
natural state as part of the overall package. Of course, any thorough—going
restoration is impossible, -— it is at most a matter of degree.
Further de radation more or less consistent with the degradative
process of the past two centuries, would lead in the opposite direction to
that of restoration.
Enhancement that seeks to improve upon the current state of an
ecosystem without reference to its initial state, might lead an ecosystem
further from the initial state, say by contributing desirable man-made
features and suppressing undesirable natural features.
Rehabilitation may be defined as a pragmatic mix of non-degradation,
enhancement, and restoration. To the extent that natural ecosystemic healing
can be fostered, restoration of some desirable features should prove a
cost-effective tactic within such a mix. '
From the above, the Task Force envisioned that rehabilitation means the
improvement of degraded conditions and the possible use of enhancement to
develop a useful, desirable, and largely self-sustaining biological community,
which may be exemplified by a healthy, desirable (from a human use point of
view), and vigorous fish population. Rehabilitation does not mean a reversal
to original environmental conditions (restoration), which is clearly
impossible; it really means “being a little ahead of the game."
It
has
bee
n d
iff
icu
lt
eno
ugh
to
ach
iev
e t
he
pre
sen
t
imp
rov
ed
sta
tus
of
wat
er
qua
lit
y
in
the
Gre
at
Lake
s,
and
it
will
be
muc
h
mor
e di
ffi
cul
t
to
ach
iev
e s
ucc
ess
ful
reh
abi
lit
ati
on.
In
par
tic
ula
r,
a r
eha
bil
ita
tio
n p
rog
ram
req
uir
es
not
jus
t
an
acc
ept
anc
e o
f
the
con
cep
t b
ut
a p
ubl
ic
und
ers
tan
din
g
of
the
pro
ble
ms
whi
ch
are
to
be
face
d,
an
abi
lit
y a
nd
wil
lin
gne
ss
to
a
res
s
iss
ues
dir
ect
ly,
and
an
act
ive
and
con
tin
uin
g
pub
lic
sup
por
t f
or
man
age
men
t
actions designed to advance the concept of rehabilitation.
The
Tas
k
For
ce
bel
iev
es
tha
t
the
ide
a
of
env
iro
nme
nta
l
map
pin
g
can
be
use
d a
s a
ver
y p
owe
rfu
l
too
l
by
whi
ch
pub
lic
und
ers
tan
din
g,
inv
olv
eme
nt,
and
it
is
hop
ed,
sup
por
t f
or
a G
rea
t L
ake
s r
eha
bil
ita
tio
n p
rog
ram
can
be
mob
ili
zed
and
sus
tai
ned
.
The
fol
low
ing
pre
sen
tat
ion
has
bee
n d
evel
ope
d,
the
ref
ore
, w
ith
thi
s
in
min
d:
the
und
erl
yin
g
obj
ect
ive
is
one
of
reh
abi
lit
ati
on.
How?
The
ter
m
env
iro
nme
nta
l
map
pin
g,
as
used
by
the
Task
For
ce
_in
the
con
tex
t
of
the
reh
abi
lit
ati
on
pro
gra
m,
wou
ld
inv
olv
e
pre
sen
tat
ion
of
inf
orm
ati
on
in
a p
red
omi
nan
tly
visu
al
form
,
bas
ed
upo
n _
the
syn
the
sis
of
exis
ting
Grea
t La
kes
envi
ronm
enta
l d
ata.
The
info
rmat
ion
will
be d
eSig
ned
to
-31-
  
E
.
a
i
h
4
illustrate cause and effect relationships with respect to human activities in
the basin (including socio-economic aspects), the concept of ecosystem
inter-relationships, some of the options that lie ahead (possible costs and
time frames), and projected results arising from management actions.
Information will be presented as maps, diagrams, graphic plots, tables,
pictures, photographs, and commentary.
It is not intended to present a complex and exhaustive series of
distribution maps and diagrams descriptive of the many hundreds of variables
already measured and recorded in the Great Lakes Basin. Rather, the
presentation will be used to illustrate the development of a theme, namely
rehabilitation, and the nature and magnitude of problems which may be
encountered on the way (technical, socio-economic, and political) and to
characterize what may or may not happen as a result of both individual and
group actions. '
What?
It is suggested that the presentation of information may be organized
into the following three parts:
1. A comparison of past and present conditions of the Great Lakes
ecosystem;
2. An explanation of why changes have occurred and how the causes
are related to human activities in the Basin; and,
3. Management response (what has been done), and future options.
Part I
Historic data are limited and presentations will rely heavily on
trends, spot records, maps of harbor and shoreline changes, etc. Information,
for example, should be used to illustrate changes in fish populations and in
water quality (including perhaps sediment core data for nutrient elements,
trace metals, persistent organics, and recent fossil material).
Display will be heavily dependent upon the availability of data.
Part II
This will draw predominantly upon the work of the past two decades,
during which time distributions (space/time) and causative relationships have
been intensively studied. The following outline of example content addresses
the question, Why the Changes?
-spawning water level regulations, land
Loss of Habitat use/stream use changes, bank
-nursery vegetation changes, hydrograph
and temperature regime changes,
and sediment load changes.
-82-
 Overfishing - (detail? to be added by future environmental mapping work
groups .
Biological stressors - sea lamprey, smelt, alewife, critical mass.
Unanswered questions - (details to be added by future environmental
mapping work groups).
Climatic variables - water levels at critical periods, temperature/
hatch success, food supply, flow through and
dissolved oxygen (0.0.) levels, and species changes.
Food supplies - impact of eutrophication, D.0. depletion, and species
changes.
Toxic substances - Lethal and sublethal effects, and tainting. Material
pathways, degradation, availability, and biotrans-
formation.
Different types of mixing for different contaminants
(sinks/storage/release).
Exposure time.
Biomagnification.
Migration barriers - Dams, constructions, thermal plumes, and entrainment.
Changes in Great Lakes water quality and fisheries have been caused by
various interactions of the above factors. The examples from within the Great
Lakes Basin will be portrayed and explained.
Part III
In any form of biological rehabilitation, it is essential to recognize
that appropriate water quality conditions are a prerequisite. In this light
it is important to show achievements of recent management activities, i.e.,
lake response to reduced loadings, the loading concept, the different sources
and the ability to control the sources, and the costs. Rehabilitation
requires that we build upon this initial achievement. In terms of loadings
alternative future options include:
1. Spread the load around (dilutionsolution to pollution),
2. Allow continued excess in limited areas (limited use zones), and
3. Have a goal to reduce both total and point loads over the long-term.
In fact, with demophoric growth, it is necessary to achieve increasingly
better levels of effluent control (contaminant removal) since increased
discharge volumes require decreased concentration just to maintain the same
total load.
-33-
  
Ma
na
ge
me
nt
ac
ti
on
s
an
d
pu
bl
ic
ap
pr
ec
ia
ti
on
mu
st
re
co
gn
iz
e:
-
th
at
al
mo
st
no
pa
rt
of
th
e
Gr
ea
t
La
ke
s
ec
os
ys
te
m
re
ma
in
s
un
af
fe
ct
ed
by cultural activities;
-
th
at
"i
nt
er
co
nn
ec
te
dn
es
s"
wi
th
in
th
e
ec
os
ys
te
m
en
su
re
s
th
at
th
e
im
pa
ct
of
cu
lt
ur
al
ac
ti
vi
ti
es
pe
ne
tr
at
es
to
a
co
ns
id
er
ab
le
de
pt
h
within the system;
—
th
at
mu
ch
of
th
e
Gr
ea
t
La
ke
s
en
vi
ro
nm
en
t
re
sp
on
ds
li
ke
a
"r
iv
er
in
e"
sy
st
em
in
wh
ic
h
do
wn
st
re
am
ef
fe
ct
s
ar
e
ve
ry
im
po
rt
an
t;
-
th
at
sy
ne
rg
is
ti
c
re
la
ti
on
sh
ip
s
ne
ga
te
op
ti
on
s
of
"s
pr
ea
di
ng
th
e
lo
ad
s
around";
-
th
at
th
er
e
is
un
ce
rt
ai
nt
y
in
ou
r
pr
ed
ic
ti
on
s/
pr
oj
ec
ti
on
s
be
ca
us
e
ma
ny
qu
es
ti
on
s
re
ma
in
un
an
sw
er
ed
(or
da
ta
are
not
av
ai
la
bl
e)
;
-
th
at
th
er
e
is,
fu
rt
he
r,
th
e
un
ce
rt
ai
nt
y
pr
in
ci
pl
e
be
ca
us
e
we
ar
e
de
al
in
g
wi
th
a
dy
na
mi
c
sy
st
em
in
wh
ic
h
no
pa
rt
of
th
e
en
vi
ro
nm
en
t
ca
n
be written off as non-essential.
Us
in
g
pr
es
en
t
in
fo
rm
at
io
n,
pr
oj
ec
t
to
sh
ow
“m
ay
be
-c
os
ts
"
to
ac
hi
ev
e
de
si
ra
bl
e
wa
te
r
qu
al
it
y
st
an
da
rd
s
fo
r
re
ha
bi
li
ta
ti
on
wi
th
ex
is
ti
ng
te
ch
no
lo
gy
.
Explore options.
De
sc
ri
be
so
ci
o-
po
li
ti
ca
l
st
ru
ct
ur
e
in
ba
si
n
an
d
ma
na
ge
ri
al
or
ga
ni
za
ti
on
.
Co
ns
id
er
th
e
pr
os
and
co
ns
in
te
rm
s
of
the
im
pa
ct
s
of
po
ss
ib
le
ma
na
ge
me
nt
de
ci
si
on
s
an
d
po
in
t
to
un
ce
rt
ai
nt
ie
s
an
d,
as
ye
t,
un
an
sw
er
ed
qu
es
ti
on
s.
Comment
In
pr
es
en
ti
ng
re
ha
bi
li
ta
ti
on
in
th
is
wa
y,
th
e
re
su
lt
in
g
do
cu
me
nt
sh
ou
ld
be
de
si
gn
ed
to
of
fe
r
th
e
pu
bl
ic
a
ho
pe
fo
r
re
al
is
ti
c
im
pr
ov
em
en
ts
an
d
to
pr
ov
id
e
a
lo
ng
-t
er
m
go
al
,
in
su
pp
or
t
of
wh
ic
h
te
ch
ni
ca
l
de
ve
lo
pm
en
ts
ca
n
be
en
co
ur
ag
ed
an
d
ag
ai
ns
t
wh
ic
h
pr
og
re
ss
ca
n
be
co
mp
ar
ed
.
 
PROS AND CONS
Th
e
se
le
ct
io
n
of
wh
ic
h
to
pi
c
(o
r
to
pi
cs
)
to
ma
p
an
d
fo
r
wh
at
au
di
en
ce
is
de
pe
nd
en
t
up
on
th
e
im
po
rt
an
ce
of
th
e
ob
je
ct
iv
e
an
d
th
e
av
ai
la
bi
li
ty
of
re
so
ur
ce
s.
Ag
en
cy
in
te
re
st
ha
s
be
en
ex
pr
es
se
d
(b
ut
no
t
to
th
e
po
in
t
of
financial commitment) as follows:
Op
ti
on
A
-
To
xi
c
Co
nt
am
in
an
ts
:
On
ta
ri
o
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
(MO
E),
Env
iro
nme
nta
l
Pro
tec
tio
n
Age
ncy
(EP
A),
Nat
ion
al
Oc
ea
ni
c
an
d
At
mo
sp
he
ri
c
Ad
mi
ni
st
ra
ti
on
(N
OA
A)
- Eutrophication: NOAA
Op
ti
on
B
-
Re
ha
bi
li
ta
ti
on
:
Na
ti
on
al
Wa
te
r
Re
se
ar
ch
In
st
it
ut
e
(N
NR
I)
,
Ont
ari
o
Min
ist
ry
of
Nat
ura
l
Res
our
ces
(OM
NR)
,
Fis
h
and
wi
ld
li
fe
Se
rv
ic
e
(FN
S),
Gr
ea
t
La
ke
s
Fi
sh
er
y
Co
mn
is
si
on
GLFC .
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Consideration
of
the
pros
and
cons
of
these
alternatives
is
of
interest.
Option A
PROS
The
stated
objectives
for
environmental
mapping
of
toxic
contaminants
and
eutrophication
are
of
considerable
importance.
(See
pages
7,
12
and
14).
The
form
of
presentation
is
generally
aligned
with
the
existing
missions
of operating agencies.
The
content
and
treatment
of
information
conforms
more
to
the
scope
of
present
thinking,
and
information
will
be
organized
in
a
holistic
or
ecosystem cause and affect framework.
By
using
a
generally—agreed-to
framework,
participants
could
work
(largely)
independently,
each,
as
it
were,
prefabricating
a
separate
"plug-in"
information
block.
Such
an
approach
could
do
much
to
ease
the
organization of the work.
Completion
of
the
task
will
provide
an
analyzed
baseline
and
trend
data
and
information
that
can
be
updated
as
necessary,
at
regular
intervals
(e.g.,
every 5 years),
and
can be
used
as
a valuable
reference
source.
There
is
agency
interest
in
support
of
this
option.
co_~§
This option may be thought of as, in part, “self-serving", with respect to
the interests of supporting agencies.
With the weight of data available, and the depth to which they could be
addressed, there is a design problem relating to what constitutes detail
relevant to achievement of the objectives; the ecosystem concept could be
lost with excessive detail.
Since Option A addresses more topics, it may take longer to complete and
cost more than Option B.
One may question the benefits accruing from this option vs. costs incurred
since a substantial volume of synthesized and partly synthesized Great
Lakes data exists (although not organized via an environmental mapping
approach to achieve the stated objectives).
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Option B
PROS
Th
is
is
a
pu
bl
ic
ly
or
ie
nt
ed
do
cu
me
nt
wi
th
a
we
ll
-d
ef
in
ed
in
te
nt
,
su
pp
or
ti
ve
of
th
e
co
nc
ep
t
of
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ea
t
La
ke
s
re
ha
bi
li
ta
ti
on
.
It
pr
ov
id
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a
po
we
rf
ul
me
an
s
of
pr
es
en
ti
ng
th
e
ec
os
ys
te
m
co
nc
ep
t.
It
is
in
te
nd
ed
to
ev
ok
e
ne
w
an
d
co
ns
tr
uc
ti
ve
th
in
ki
ng
by
th
e
pu
bl
ic
at
la
rg
e,
wh
ic
h
in
cl
ud
es
ma
na
ge
rs
an
d
sc
ie
nt
is
ts
,
as
we
ll
as
th
e
la
y
pu
bl
ic
.
Th
e
ho
li
st
ic
vi
ew
po
in
t
of
Op
ti
on
B
pr
es
en
ts
Gr
ea
t
La
ke
s
da
ta
in
a
ne
w
wa
y.
It
is
li
ke
ly
th
at
ti
me
an
d
do
ll
ar
re
qu
ir
em
en
ts
wi
ll
be
le
ss
fo
r
Op
ti
on
B
th
an
fo
r
Op
ti
on
A,
al
th
ou
gh
th
is
de
pe
nd
s
up
on
bo
th
th
e
de
pt
h
of
su
bj
ec
t
tr
ea
tm
en
t
an
d
th
e
ab
il
it
y
to
su
bs
ta
nt
ia
te
po
in
ts
ma
de
in
Op
ti
on
B.
Wo
rk
on
th
is
op
ti
on
wi
ll
ma
ke
pa
rt
ic
ul
ar
ly
go
od
us
e
of
th
e
in
te
rn
at
io
na
l
co
op
er
at
io
n
pr
ov
id
ed
un
de
r
th
e
ae
gi
s
of
th
e
IJ
C.
CONS
Th
er
e
is
no
t
co
mp
le
te
su
pp
or
t
fo
r
th
e
co
nc
ep
ts
ex
pr
es
se
d
in
Op
ti
on
B,
ev
en
within the IJC.
It
wi
ll
be
mo
re
di
ff
ic
ul
t
to
pr
ep
ar
e
th
e
ma
te
ri
al
fo
r
Op
ti
on
B,
wh
ic
h
pl
ac
es
gr
ea
te
r
de
ma
nd
fo
r
in
pu
t
up
on
se
ni
or
me
mb
er
s
of
th
e
sc
ie
nt
if
ic
co
mn
un
it
y
(w
he
re
de
pt
h
of
kn
ow
le
dg
e
an
d
ov
er
vi
ew
ha
ve
be
en
ga
in
ed
by
ye
ar
s
of experience).
Th
e
pr
ep
ar
at
io
n
of
ma
te
ri
al
fo
r
Op
ti
on
B
wi
ll
re
qu
ir
e
a
te
am
ap
pr
oa
ch
ri
gh
t
fr
om
th
e
st
ar
t
(t
he
pr
ep
ar
at
io
n
of
"p
lu
g-
in
"
in
fo
rm
at
io
n
bl
oc
ks
by
in
di
vi
du
al
ag
en
ci
es
wi
ll
no
t
wo
rk
fo
r
th
e
mo
st
pa
rt
),
an
d
it
ma
y
be
di
ff
ic
ul
t
to
or
ga
ni
ze
th
is
be
ca
us
e
of
va
ri
ou
s
ad
mi
ni
st
ra
ti
ve
co
ns
tr
ai
nt
s.
Al
th
ou
gh
th
e
co
nc
ep
ts
in
tr
od
uc
ed
in
Op
ti
on
B
sh
ou
ld
st
an
d
fo
r
so
me
ti
me
,
th
e
im
me
di
at
e
va
lu
e
of
su
pp
or
ti
ng
da
ta
ma
y
no
t
la
st
as
lo
ng
as
th
e
in
-d
ep
th
re
fe
re
nc
e
ma
te
ri
al
pr
ep
ar
ed
fo
r
Op
ti
on
A.
By
th
e
de
fi
ni
ti
on
of
it
s
ap
pr
oa
ch
,
Op
ti
on
B
ca
nn
ot
pr
ov
id
e
a
sa
ti
sf
ac
to
ry
me
di
um
fo
r
th
e
ex
ch
an
ge
of
in
fo
rm
at
io
n
wi
th
in
th
e
sc
ie
nt
if
ic
co
mm
un
it
y;
it
ca
n
di
sp
la
y
on
ly
a
ve
ry
sm
al
l
po
rt
io
n
of
th
e
da
ta
th
at
ar
e
al
re
ad
y
available.
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 RECOMMENDATIONS
To Map or Not to Map? and What to Map?
The IJC plays a special role with respect to Great Lakes water quality and
water quantity.
It is in essence a broker bringing the various United States
and Canadian agencies together to work on common objectives and to develop and
implement cooperative programs.
The goals and objectives of the Great Lakes
Water Quality Agreement will be served by an environmental mapping activity
under the aegis of the IJC. Therefore:
1. It is recommended that the IJC endorse an environmental mapping
activity on topics considered important and for which resources can
be made available.
A variety of topics and associated objectives are of value and of
importance to the Great Lakes. From amongst a much larger number, the Task
Force has presented three alternative topics and objectives, i.e., toxic
contaminants, eutrophication, and rehabilitation. Due to differing
perceptions among Task Force members and differing agency missions and
policies, consensus was not reached on the desirability of pursuing these
three topics even though each had its strong proponents. Nevertheless,
mapping of each topic, in its separate way, would be of value to Great Lakes
water quality and effort is contingent upon the availability of resources.
2. It is recommended that the IJC initiate an environmental mapping
activity on one or more of the topics toxic contaminants,
eutrophication, and rehabilitation.
Resources
The feasibility of an environmental mapping activity is related to the
availability of resources (agency staff plus dollars). An estimate of the New
York Bi ht Synthesis volume is $125K, including 1,000 copies of hardboﬁﬁd
text, a though this does not include total costs since it builds upon the
availability New York bight monograph series. Based upon this figure, an
estimate of the cost for a toxic contaminant or eutrophication atlas is $250K
over a 2-year period, and maybe less for a rehabilitation atlas. while no
firm commitments have been solicited, interest in supporting environmental
mapping activities has been expressed by the following 0.5. agencies: EPA,
NOAA, PMS, and Canadian agencies: NHRI, MOE, OMNR.
 
3. It is recommended that the IJC solicit from the principal United
States and Canadian agencies both interest and an indication of
available resources to conduct environmental mapping on the topics
and objectives indicated in recommendation 2.
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 APPENDIX A
DRAFT TERMS OF REFERENCE
OF GREAT LAKES RESEARCH ADVISORY BOARD
TASK FORCE ON ENVIRONMENTAL MAPPING OF THE GREAT LAKES
(SEPTEMBER 1977)
Task Force Objectives
 
The objectives of the Task Force are to develop a Plan of Study for Great
Lakes environmental mapping. The Plan of Study will define:
those dimensions which lend themselves to mapping;
the scope of future mapping efforts;
the agencies which should participate; and
the anticipated costs.
To achieve the objectives of the Plan of Study;
The Task Force will examine alternative environmental mapping strategies
and design, and lead a pilot study to determine the cost/benefits, the
potentials, and the liabilities of such efforts, as a basis for future mapping.
Time Frame
The recomnendations for design of the pilot study and selection of a pilot
site should be completed by April 30, 1978. The completed pilot study will be
submitted to the Research Advisory Board by April 20, 1980.
Resources Required for Task Force
Secretarial support from the IJC Regional Office is desirable. A budget
of $5,000 is estimated to cover travel and printing of interim reports.
Printing and development costs of the final report cannot be estimated until
format is decided upon.
-39-
  
APPENDIX B
DRAFT TERMS OF REFERENCE
(JANUARY 29, 1979)
IJC's Science Advisory Board Task Force on Environmental Mapping of the
Great Lakes.
From October 1977 to April 1979
l The Task Force will develop a Plan to include:
1 - those dimensions which lend themselves to mapping;
i - the rationale for mapping the scope of future mapping efforts; and
t - the agencies which should participate.
The Task Force will make a complete interim report to the Board in April
1979.
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Miller Associates
Beltsville, Maryland
SAB Liaison Member
Mr. J. Douglas Roseborough
Director, Wildlife Branch
Ontario Ministry of Natural Resources
Queen's Park, Parliament Bulilding
Whitney Block
Toronto, Ontario
Secretariat Responsibilities
Dr. A. E.’P. Watson
Research Scientist
International Joint Commission
Great Lakes Regional Office
100 Ouellette Avenue, 8th Floor
Windsor, Ontario
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HEALTH EFFECTS OF NON-NTA DETERGENT BUILDERS
Dr. James H. Day (Chairman)
Department of Medicine
Queen's University
Kingston, Ontario
Dr. G. C. Becking
Chief, Environmental Toxicology Division
Dept. of National Health and Welfare
Environmental Health Centre
Ottawa, Ontario '
Dr. Larry Fishbein
Assistant to Director for
Environmental Surveillance
National Center for Toxicological Res.
Jefferson, Arkansas
Dr. David Gaylor (Until October 1978)
Statistician
National Center for Toxicological Res
Jefferson, Arkansas
Dr. R. A. Goyer
Deputy Director
National Institute of Environmental
Health Sciences
Research Triangle Park, N.C.
DY‘. Arthur S. Kraus (Effective January 1979)
Professor
Dept. of Community Health - Epidemiology
Queen's University
Kingston, Ontario
Professor R. O'Brien
Office of the Provost
University of Rochester
Rochester, New York
Dr. G. J. Stopps (Until October 1978)
Dept. of Preventive Medicine
University of Toronto
Toronto, Ontario
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Liaison Members
Representing Soap and Detergent
Association of Canada
Mr. F. Alan Brownridge
Manager
Professional and Regulatory Service
Procter & Gamble Co. of Canada Limited
Hamilton, Ontario
Representing Soap and Detergent
Association, New York
Dr. Walter L. Schleyer
Government & Industry Relations Manager
PQ Corp.
Research and Development Center
Lafayette Hill, Penn.
Ad'unct Members
Dr. R. Tardiff
Board on Toxicology and
Environmental Health
National Academy of Sciences
Washington, D.C.
Dr. S. I. Shibko
Chief, Contaminants and Natural
Toxicants Evaluation Branch
Division of Toxicology, HFF-195
Food and Drug Administration
Dept. of Health, Education and Welfare
Washington, D.C.
Secretariat Responsibilities
Dr. A. E. P. Watson
Research Scientist
International Joint Cmnnission
Great Lakes Regional Office
100 Ouellette Avenue, 8th Floor
Windsor, Ontario
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Professor Joseph Shapiro (Chairman)
 
University of Minnesota Liaison Members
; Limnological Research Center Representing Soap and Detergent
i
Minneapolis, Minnesota
Association of Canada
f Mr. F. Alan Brownridge
‘
Dr. Peter J. Chapman
Manager, Professional & Regulatory Service
I
Department of Biochemistry
Procter & Gamble Co. of Canada Limited
! University of Minnesota Hamilton, Ontario
St. Paul, Minnesota
Representing Soap and Detergent
 
Dr. Richard Dick Association, New York
J. P. Ripley Professor of Engineering Dr. Flynt Kennedy
4 Hollister Hall Manager, Chemical Research
‘I _ Cornell University Research and Development Department
3
Ithaca, New York
Continental Oil Company
 
Ponca City, Oklahoma
Dr. Peter Dillon
Water Resources Branch
Representing Fisheries and Environment
Ontario Ministry
of the
Environment
Dr.
K.
L.
E.
Kaiser
Rexdale,
Ontario
Environmental
Quality Coordinating
Unit
Canada Centre for Inland Waters
Dr.
Charles R.
O'Melia
Burlington,
Ontario
A
;
Professor
of
Environmental
Sciences
i
and
Engineering
Representing U.S.
EPA, Region
V
School of Public Health
Dr. William Fairless,
Deputy Director
University of North Carolina
Central Regional Laboratory
'
Chapel Hill, North Carolina
Chicago, Illinois
SAB Liaison Member
Representing EPA - Office of Toxic Sub.
Dr. Anne Spacie
Ms. Justine Welch
Department of Fisheries and
Hazard Assessment Group
Natural Resources
Office of Toxic Substances
Purdue University
U.S. Environmental Protection Agency
Forestry Building
Washington, D.C.
West Lafayette, Indiana
Secretariat Responsibilities
Mr. David R. Rosenberger, Biologist
International Joint Commission
Great Lakes Regional Office
100 Ouellette Avenue, 8th Floor
Windsor, Ontario
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Dr. Gerald A. Rohlich (Chairman)
Professor
Department of Civil Engineering
The University of Texas
Austin, Texas
Mr. Garth Bangay
Environmental Protection Service
Environment Canada, Ontario Region
Canada Centre for Inland Waters
Burlington, Ontario
Dr. A. M. Beeton
Director
Great Lakes and Marine Water Center
University of Michigan
Ann Arbor, Michigan
Dr. G. Anders Carlson
NY Dept. of Environmental Conservation
Bureau of Water Research
Albany, New York
Dr. Raymond C. Loehr
Professor and Director
Environmental Studies Program
Cornell University
Ithaca, New York
Dr. John Mancini, Professor
Environmental Engineering
Manhattan College
Bronx, New York
Dr. Donald J. O'Connor, Professor
Environmental Engineering
Manhattan College
Bronx, New York
SAB Liaison Member
Mr. John J. Convery
Director, Nastewater Res. Division
U.S. Environmental Protection Agency
-Cincinnati, Ohio
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Dr. Henry Peskin
Resources for the Future
Washington, D.C.
Mr. Steve Salbach
Ontario Ministry of the Environment
Water Resources Branch
Toronto, Ontario
Dr. Norman M. Schmidtke
Acting Director
Nastewater Technology Centre
Department of the Environment
Canada Centre for Inland Waters
Burlington, Ontario
Mr. Gordon Van Fleet
Ontario Ministry of the Environment
Pollution Control Branch
Toronto, Ontario
Mr. Gary Williams, Chief
Environmental Engineering Branch
U.S. Environmental Protection Agency
Chicago, Illinois
Dr. Stephen Yaksich
Corps of Engineers
Department of the Army
Buffalo, New York
Secretariat Responsibilities
Dr. Walter Rast
Limnologist
International Joint Commission
Great Lakes Regional Office
100 Ouellette Avenue, 8th Floor
Windsor, Ontario
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Dr. Eugene J. Aubert (Chairman)
Director, Great Lakes Environmental
Research Laboratory
National Oceanic & Atmospheric
Administration
Ann Arbor, Michigan
Dr. Thomas Edsall
Great Lakes Fishery Laboratory
U.S. Fish and Wildlife Service
Ann Arbor, Michigan
Mr. Jack Christie (Effective October, 1978)
Fisheries Research Station
Ministry of Natural Resources
Picton, Ontario KOK 1T0
Dr. Murray G. Johnson
Director
General,
Ontario
Region
ggeat Lakes Biolimnology Lab.
Burlington, Ontario
Mr.
Kenneth
Loftus
(Until
October,
1978)
Director, Fisheries Branch
Ontario
Ministry
of
Natural
Resources
Whitney Block
Toronto, Ontario
Mr. Steven E. Salbach
Supervisor
Planning and Coordination
Water Resources Branch
Ontario Ministry of Environment
Toronto, Ontario
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Dr. Peter G. Sly
Environment Canada
Glenora Fisheries Station
Picton, Ontario
Dr. D. F. Squires
Director
New York Sea Grant Institute, SUNY
Albany, New York
Dr. Edith Tebo
Director
Great Lakes National Program Office
U.S. Environmental Protection Agency
Chicago, Illinois
SAB Liaison Member
Mr. Carlos M. Fetterolf
Executive Secretary
Great Lakes Fishery Commission
Ann Arbor, Michigan
Secretariat Responsibilities
Mr. D. A. Bondy
Physical Scientist
International Joint Commission
Great Lakes Regional Office
100 Ouellette Avenue, 8th Floor
Windsor, Ontario
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Dr. W. M. J. Strachan (Chairman)
Head, Toxic Substances Section
Process Research Division
National Water Research Institute
Canada Centre for Inland Waters
Burlington, Ontario
Mr. G. P. Brezner, Chief
Classification and Standards Division
Bureau of Standards and Compliance
N.Y. Dept. of Environmental Conservation
Albany, New York
Dr. William A. Brungs
Technical Assistance Director
Environmental Research Lab.-Duluth
Duluth, Minnesota
Dr. T. Brydges
Supervisor, Limnology & Toxicity Section
Water Resources Branch
Ontario Ministry of the Environment
Rexdale, Ontario
Dr. D. J. Hallet
Research Scientist
Wildlife Toxicology Division
Canadian Wildlife Service
National Wildlife Research Institute
Fisheries and Environment
Ottawa, Ontario
Dr. P. V. Hodson
Research Scientist
Great Lakes Biolimnology Laboratory
Canada Centre for Inland Waters
Burlington, Ontario
Dr. Eugene V. Perrin
Professor of Pathology
Wayne State University
School of Medicine
Detroit, Michigan
Dr. A. Robertson
Head, Chemistry & Biology Group
Great Lakes Environmental Research Lab.
National Oceanic & Atmospheric
Administration
Ann Arbor, Michigan
Mr. Richard A. Ryder
Head, Productivity Unit
Ontario Ministry of Natural Resources
Fish and Wildlife Research Branch
Thunder Bay, Ontario
SAB Liaison Member
r. nne pac1e
Assistant Professor
Department of Forestry and Natural
Resources
Purdue University
West Lafayette, Indiana
Secretariat Responsibilities
 
Dr. D.E. Konasewich
Research Scientist
International Joint Commission
Great Lakes Regional Office
100 Ouellette Avenue, 8th Floor
Windsor, Ontario
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JOINT SCIENCE ADVISORY BOARD/WATER QUALITY BOARD COMMITTEE
ON THE
ASSESSMENT OF HUMAN HEALTH EFFECTS OF GREAT LAKES WATER QUALITY
Mr. J. R. Hickman (Chairman)
Director, Bureau of Chemical Hazards
Health and Welfare Canada
Environmental Health Centre
Ottawa, Ontario
Dr. J. H. Aitken (Until March 1979)
Ontario Ministry of Labour
Toronto, Ontario
Dr. G. C. Becking (Effective March 1979)
Chief, Environmental Toxicology Div.
Dept. National Health and Welfare
Environmental Health Centre, Room 118
Ottawa, Ontario
Dr. G. Berg
Chief of Virology
Advanced
Wastewater
Treatment
Res.
Lab.
U.S. Environmental Protection Agency
National Environmental Research Center
Cincinnati, Ohio
Dr. Rita Bogoroch, Director
Health Effects Program
National
Council
of
the
Paper
Industry
for
Air & Stream Improvement (NCASI)
New York, New York
Dr. N. Chernoff
Health Effects Research Lab.
U.S. Environmental Protection Agency
Research Triangle Park, N.C.
Dr. James H. Day
Department of Medicine
Queen's University
Kingston, Ontario
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Dr. R. W. Durham
Applied Research Division
Canada Centre for Inland Waters
Dept. of Fisheries and Environment
Burlington, Ontario
Dr. H. L. Falk
Associate Director for Health
Hazard Assessment,
National Institute of Environmental
Health Sciences
Research Triangle Park, N.C.
Dr. G. Wolfgang Fuhs, Director
Division of Laboratories and Research
N.Y. State Department of Health
Environmental Health Center
Tower Building, Empire State Plaza
Albany, New York
Dr. Rolf Hartung
School of Public Health 1
University of Michigan
Ann Arbor, Michigan
Dr. Harold E. B. Humphrey
Environmental Epidemiologist
State of Michigan
Department of Public Health
Lansing, Michigan
Dr. G. J. Stopps (Until March 1979)
Department of Preventive Medicine
University of Toronto
Toronto, Ontario
Mrs. Ann H. Vajdic (Effective March 1979)
Microbiologist
Water Technology Section
Pollution Control Planning Branch
Ontario Ministry of the Environment
Toronto, Ontario -
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SAB Liaison Member
Dr. Mitchell R. Zavon
Medical Director
Hooker Chemicals
Niagara Falls, New York
Secretariat Responsibilities
Dr. A. E. P. Watson
Research Scientist
International Joint Commission
Great Lakes Regional Office
100 Ouellette Avenue, 8th Floor
Windsor, Ontario
(Continued)
-lO7-
Observers
EFT—Joseph Prince
Technical
Support
Section
U.S.
Environmental
Protection
Agency
Region
V,
Water
Division
Chicago, Illinois
Dr. Lyman Condie
Toxic
Substances
Coordinator
U.S.
Environmental
Protection
Agency
Region V
Chicago, Illinois
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Dr. J. R. Vallentyne (Chairman)
Senior Scientist
Fisheries and Marine Service
Ontario Region
Canada Centre for Inland Waters
Burlington, Ontario L7R 4A6
Mrs. F. Edna Gardner
Islington, Ontario M9A 4L2
Dr. Joseph Kutkuhn
Director
U.S. Department of the Interior
Fish and Wildlife Service
Great Lakes Fishery Laboratory
Ann Arbor, Michigan 48105
Professor J. Llamas (Until February 1979)
Director, Water Resources Center
Faculty of Science and Engineering
Pavillon Pouliot
University of Laval
Centreau, Room 3717
Ste. Foy, Quebec GlK 7P4
Dr. James H. Day (Effective February 1979)
Department of Medicine
Queen's University
Kingston, Ontario
Dr. Anne Spacie
Department of Fisheries and
Natural Resources
Purdue University
West Lafayette, Indiana 47907
Secretariat Responsibilities
Mr. David R. Rosenberger, Biologist
International Joint Commission
Great Lakes Regional Office
100 Ouellette Avenue, 8th Floor
Windsor, Ontario N9A 6T3
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(Chairman)
Dr.
J.
R.
Brett
Laboratory
of
Limnology
Fisheries
Research
Board
University
of
Wisconsin
Pacific
Biological
Station
Madison,
Wisconsin
Nanaimo,
B.
C.
Dr.
Paul
0.
Fromm
Dr.
F.
E.
J.
Fry
Department
of
Physiology
10
Riverlea
Road
Michigan
State
University
Weston,
Ontario
Giltner Hall
East Lansing, Michigan
Secretariat Responsibilities
Dr. A. E. P. Watson
Research Scientist
International
Joint
Comnission
Great Lakes Regional Office
100 Ouellette Avenue, 8th Floor
Windsor, Ontario
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Mount
Dr.
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E.
Konasewich
Director
Research
Scientist
Environmental Research Laboratory-Duluth
International Joint Commission
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Minnesota
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Lakes
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Office
Windsor, Ontario
Dr.
G. K.
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Mr.
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R. Rosenberger
Director
Biologist
National
Water Research
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International
Joint
Cannission
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